DOCUMENT RESUME 



ED 265 055 



SE 046 356 



TITLE 

INSTITUTION 

REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 

PUB TYPE 

EDRS PRICE 
DESCRIPTORS 



New Electric Power Technologies: Problems and 
Prospects for the 1990s. 

Congress of the U.S., Washington, D.C. Office of 
Technology Assessment. 
OTA-E-246 
Jul 85 
338p. 

Superintendent of Documents, U.S. Government Printing 
Office, Washington, DC 20402. 
Reports - Research/Technical (143) 

MF01/PC14 Plus Postage. 

Alternative Energy Sources; Costs; *Electricity; 
♦Energy; *•* tures (of Society); Geo thermal Energy; 
Government Role; Policy; *Power Technology; Research 
and Development; Solar Energy; Technological 
Advancement; Technology; *Utilities; Hind Energy 

ABSTRACT 

This report responds to a request from the House 
Committee on Science and Tecnnology and its Subcommittee on Energy 
Development and Applications to analyze a range of new electric power 
generating, storage, and load management technologies. The Office of 
Technology Assessment (OTA) examined these technologies in terms of 
their current and expected cost and performance, potential 
contribution to new generating capacity, and interconnection with the 
electric utility grid. The study analyzes increased use of these 
technologies as one of a number of strategies by electric utilities 
to enhance flexibility in accommodating future uncertainties. The 
study also addresses the circumstances under which these technologies 
could play a significant role in the U.S. electric power supply in 
the 1990s. Finally, alternative federal policy initiatives for' 
accelerating the commercialization of these technologies ara 
examined. The study does not address the more traditional 
technologies of central station coal or nuclear, nor does it analyze 
advanced nuclear or combined-cycle systems and enhancements to 
pulverized coal plants such as supercritical boilers, limestone, 
injection, or advanced scrubber systems. In addition, more renewable 
technologies such as low-head hydropower or refuse- or wood-fired 
steam plants are not discussed. The new technologies are discussed 
under two categories: (1) generating (solar technologies, wind 
turbines, geothermal power, fuel cells, and combustion technologies); 
ai.d (2) energy storage (compressed air energy storage and advanced 
batteries). (JN) 



**************************** ************ *** **************************** 

* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. * 
*********************************************************************** 

9 

ERIC 



V 



cz 

LP 
vC 




U A DCPAKTMIMT Of EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 
I CENTER URIC) 

V This document has bem eproduceu m 

received from the person or organisation 

originating rt 

Minor changes have bean made to improve 
reproduction quality 

e Pomw of view or opmone stated in thw docu- 
ment do not neceesanry repraaam ofliaal N1E 

position or policy 



UJ 

CO 



electric 




TECHWIOGES 



Problems and Prospects 
for the 1990s 



CONQAESS OF TMI UNITED STATES 

Office of Technology Atietimeftt 



9 

ERIC 



2 



Office of Technology Assessment 

Conqressional Board of the 99th Congress 



TED STEVENS Alaska, Chairman 
MORRIS K UDALL Arizona, V'/te Chairman 



Senate 

ORRIN C HA T C H 
Utah 

CHARLES McC MATH1AS, jR 
Maryland 

EDWARD M nENNEDY 
Massac hu setts 

ERNEST E HOLi INGS 
South Carolina 

CLAIBORNE PELL 
Rhode Island 



IOHN hi GIBBONS 
(!\on\oting) 

Advisory Council 



House 

GEORGE E BROWN |R 
California 

JOHN D DINGELL 
Mic higan 

CLARENCE E MILLER 
Ohio 

COOPER EVANS 
low a 

DON SUNDQUIST 
Tennessee 



\\ILUAM j PLRRY C hairmar 
H&Q lc<hnolog\ Partners 

D'WIDS POTTER Vice Chairman 



EARL BEIS1 LINE 
( nnersih ot Alaska 

( HAR1 ES A B( AVSHf R 
i,eneral At ( ounting Ottu e 



CLAIRE T DEDRICK 
California Land Commission 

I AMES C FLETCHER 
Uni\ersit\ of Pittsburgh 

S DAVID FREEMAN 
Consultant 

GILBERT GLIDE 
Library of C ongress 



CARL N HODGES 
Unnerstty ot Arizona 

CHARLES N KIMBALL 
Midwest Research Institute 

RACHEL McCULLOUCH 
LJnivers,ty ot Wisconsin 

LEWIS THOMAS 
Memorial Sloan-Kettermg 
( ancer Center 



Director 

JOHN H GIBBONS 



I he le<hnol'>H\ Assessment Board approves the 1 release of this report Ih viev^s .•xpresseH in this ref)ort are not 
ne( essani\ those ot the Hoard OlA Advisory ( ounc tl, or of indiv iHiic't members thereof 



9 

ERIC 




OTA Reports are the principal documentation of formal assessment projects. 
These projects are approved in advance by the Technology Assessment 
Board. At the conclusion of a project, the Board has the opportunity to review 
the report, but its release does not necessarily imply endorsement of the 
results by the Board or its individual members. 



CONOftEtS Of Tut UNITED STATE S 

QfSf of Technology AtBottmont 



9 

ERIC 



4 



Recommended Citation: 

New Electric ^ower Technologies Problems and Prospects for the 1990s (Washington, 
DC U S Congress, Office of Technology Assessment, OTA-E-246, July 1985) 



Library of Congress Catalog Card Number 85-600568 

For sale by the Superintendent of Documents 
U S. Government Printing Office, Washington, DC 20402 



ERLC 



5 



Foreword 



This report responds to a request from the House Committee on Science and Technol- 
ogy and its Subcommittee on Energy Development and Applications to analyze a range of 
new electric power generating, storage, and load management technologies. 

OTA examined these technologies in terms of their cu/ r ent and expected cost and per- 
formance, potential contribution to new generating capacity, and interconnection with the 
electric utility grid. The study analyses mceased use of these technologies as one of a number 
of strategies by electric utilities to enhance flexibility in accommodating future uncertain- 
ties. The study also addresses the circumstances under which these technologies could play 
a significant role in U.S. electric power supply in the 1990s. Finally, alternative Federal pol- 
icy initiatives for accelerating the commercialization of these technologies are examined. 

OTA received substantial help from many organizations and individuals in the course 
of this study We would like to thank the project's contractors, who prepared some of *he 
background analysis, the project's advisory panel and workshop participants, who provided 
guidance and extencive critical reviews, and the many additional reviewers who gave their 
time to ensure the accuracy of this report. 




JOHN H. GIBBONS 
Director 



Related OTA Reports 



• Nuclear Power in an Age of Uncertainty. 

OTA-E-216; February 1984. GPO stock #052-003-00941-2. 

• Industrial and Commercial Cogeneration. 
OTA-E-192; February 1983. NTIS order #PB 83-180 547. 

• Energy From Biological Processes. 

OTA-E-124; July 1980. NTIS order #PB 80-211 477 

• U.S. Vulnerability to an Oil Import Curtailment: The Oil Replacement Capability. 
OTA-E-243; September 1984. GPO stock #052-003-00963-3. 

• U.S. Natural Gas Availability: Gas Supply Through the Year 2000. 
OTA-E-245, February 1985. GPO stock #052-003-00986-2. 

• Industrial Energy Use. 

OTA-E-198; June 1983. GPO stock #052-003-00915-3. 

• Direct Use of Coal: Prospects and Problems of Production and Combustion. 
OTA-E-86; April 1979 NTIS order #PB 295 7 97. 

• Acid Ram and Transported Air Pollutants: Implications for Public Policy. 
OTA-O-204; June 1984. GPO stock #052-00^-00956-1. 



NO! I Reports .in- .iv.nl.tble through the Li S Cmcrnment Printing Office, Superintendent of Documents Washington DC 20402, (202) 
78i \1\H, ,md the N.ition.il Technic <il Ir.tormdhon Service, S28S Port Royal Rcmc 1 , Springfield, VA 22161, l7()i) 487-46S0 



V 



OTA Project Staff— New Electric Power Technologies 



Lionel S. Johns, Assistant Duector, OTA 
Energy, Materials, and International Security Division 

Richard E. Rowberg, Energy and Materials Program Manager 

Project Staff 

Peter D. Blair, Project Director 
Mary Procter 1 
David Kathan (Economic and Financial Analysis) 
Robert Lempeit (Solar Technologies) 
Lynn Luderer (Regional Analysis) 
David Strom (Interconnection) 
Nicholas Sundt (Technologies and Industry Structure) 

Administrative Staff 

Lillian Chapman Edna Saunders 

Contractors and Consultants 

Gibbs & Hill, Inc., New York, NY 
Battelle Memorial Institute, Columbus, OH 
Investor Responsibility Research Center, Inc., Washington, DC 
Lotus Consulting Croup, Palo Alto, CA 
Peter Hunt Associates, Alexandria, VA 
Electrotek Concepts, Inc., Mountain View, CA 
Strategies Unlimited, Inc., Palo Alto, CA 
E. S. Pechan Associates, Washington, DC 
Howard Celler, Washington, DC 

Paul Maycock, Arlington, VA 
David Sheridan, Chevy Chase, MD 

Other OTA Contributors 

Jenifer Robison Robert M. Friedman Eugene Frankel Paula Wolferseder 



'I'roi^t Dir<'< tor through M.»> MW4 



V 



New Electric Power Technologies Advisory Panel 



Edward Blum 

Merrill Lynch Capital Markets 

Byron R Brown 

E.I du Pont de Nemours & Co 

BjII D. Carnahan 

City of Fort Collins Light & Power 
Mark Cooper 

Consumer Federation of America 

Brian E. Curry 
Northeast Utilities 

Janice C Hamrin 
Independent Energy Producers 

William B. Harrison 
Southern Co. Services, Inc. 

Eric Leber 

American Chemical Society 1 



George Seidel, Chairman 
Brown University 

Paul Maycock 

Photovoltaic Energy Systems 

Charles McCarthy 

Southern California Edison Co. 

Anne F. Mead 

New York State Public Service Commission 
Alan Miller 

World Resources Institute 

Bruce W. Morrison 
Westinghouse Electric Corp. 

Fred Schweppe 

Massachusetts Institute of Technology 
Jon Veigel 

North Carolina Alternative Energy Corp. 



'rormerl\ with thr \m< nc .in Public Power Association 

SOU OTA tiporrf Mies ,md is grdtrtul tor thv> \d!udble assistance <ind ihouKhttuI uniques prosideH by the advisory pdnel members 



VI 



Workshop on Regulatory Issues Affecting Developing 
Electric Generating Technologies 



Sam Brown 

Virginia Electric Power Co. 

George Knapp 
Nixon, Hargrove, Devans & 
Doyle 

Therrell Murphy, Jr. 
Southern Co. Ser ices, Inc. 



David Owens 

Edison Electric Institute 

Elizabeth Ross 
Birch, Horton, Bittner, 
Pestinger & Anderson 

Richard Schuler 
Cornell University 



Andrew Varlev 

Iowa Commerce Commission 

jon Wellinghoff 

Office of the Attorney General 

State of Nevada 



Workshop on Investment Decisions for Electric Utilities 



James Stukel, Chairman 
University of Illinois 

Jack Davey 

Middle South Utilities 

Scott Fenn 

Investor Responsibility 
Research Center, Inc 

Jerry Huck 
Illinois Power Co. 

Sally Hunt 

Consolidated Edison Co 
Jim Lies 

Federal Energy Regulatory 
Commission 



Lynn Maxwell 

Tennessee Valley Authority 

Charles Mengers 
Philadelphia Electric Co. 

Thomas Mockk r 
Standard & Poor's 

James Mulvaney 
Electric Power Research 
Institute 

Dave J. Roberts 
General Public Utilities 
Service Corp. 

John L. Seelke 
Florida Power & Light 



Sam Shepard 

Southern Co. Services, Inc. 

Dwam F. Spencer 
Electric Power Research 
Institute 

Rodney Stevenson 
University of Wisconsin 

Carl Weinberg 

Pacific Gas & Electric Co. 

H.D. Williamson 
Hawaiian Electric Co., Inc. 

David R. Wolcott 
New York State Energy 

Research & Development 

Authority 



Workshops on Cost and Performance of 
New Electric Power Technologies 



James W. Bass, III 
Tennessee Valley Authority 

Robert A. Bell 
Consolidated Edison Co 

Elliott Berman 
ARCO Solar, Inc. 

Chris Bluemle 

Southern California Edison Co. 

Peter B. Bos 
Polydyne Corp. 



J. J. Buggy 

Westinghouse Electric 

Jay Carter, Jr. 
Carter Systems 

Thomas A.V. Cassel 
Technecon Consulting Group, 
Inc. 

G.P. James Dehlson 
Zond Wind Resource 
Development 



Carel DeWmkel 
Wisconsin Power & Light 

John Dorsey 
Maryland Public Service 
Commission 

Charles M. Finch 
McDonnell Douglas 
Astronautics 

Richard W. Foster-Pegg 
Westinghouse Electric 



ERLC 



JU 



vii 



Robert Creider 
Geothermal Resources 
International 

Ray Hallett 
McDonnell Douglas 
Astronautics 

Walter A. Hansen 
Babcock & Wilcox 

Bernard Hastings 
Detroit Edison Co. 

Robert Lacy 

San Diego Gas & Electric Co. 
Janos Laszlo 

ASME Congressional Fellow 
Senator Hecht's Office 

Peter Lewis 

Public Service Electric & Gas 

Roger Little 
Spire Corp. 

William J. McGuirk 
Arizona Public Service Co 



Tom Morton 

Fluor Engineers & Constructors, 
Inc. 

Lawrence M. Murphy 

Solar Energy Research Institute 



Nick Patapoff 

Southern California Edison Co. 



Jeff Serfass 

Fuel Cell Users Group 
Tom Sttckels 

San Diego Gas & Electric Co. 
Stan Stys 

Brown-Boveri Corp. 

John Tengdin 
Gereral Electric Co. 

Russell A. Thompson 
United Technologies 

William Vachon 

W.A. Vachon & Associates 

Henry Vadie 

Houston Lightmg & Power 

Charles J. Warde 

Energy Development Associates 

Kyle Wilcutt 

Southern Co. Services, Inc. 



Don I. Plumley 
General Electric Co. 

Ted J. Pollaert 
Lurgi Corp. 

Dick Preston 
Scientifica Atlanta 

Veronika Rabl 
Electric Power Research 
Institute 

J. Lynn Rasband 
Utah Power & Light 



Eric J. Oakes 
Pyropower Corp. 



vin 

o 

ERLC 



11 



Acknowledgments 



In addition to panel members and workshop participants, many institutions and individuals contributed to 
this report by providing information, advice, and substantive reviews of draft materials. OTA thanks the follow- 
ing who took the time to provide information or review all or part of the study. 



Institutions 

Applied Economics, Inc 

ARCO Solar Inc 

Argonne National Laboratory 

Arizona Public Service Co 

American Public Power Association 

Babcock & Wilcox 

Battelle Pacific Northwest Laboratories 
Birch, Horton, Bittner, Pestmger & 

Anderson 
Brown-Boveri Corp 
California Energy Commission 
Carter Systems 

California Energy Commission 

Congressional Research Service 

Consolidated Edison Co 

Consumer Energy Council of America 

Cornel! University 

Detroit Edison Co 

Edison Electnc Institute 

Electric Power Research Institute 

Electrotek Concepts, Inc 

Energy Conversion Alternatives, Ltd 

Energy Development Associates 

Energy Information Administration 

Environmental Policy InsMute 

Environmental Protection Agency 

EXXON 

Federal Energy Regulatory 

Commission 
Florida Power & Light 
Fluor Engineers & Constructors Inc 
Fuel Cell Users Group 



Gas Research Institute 

General Electric Co 

General Public Utilities Services Corp 

G^othermal Resources International 

Hawaiian Electric Co , Inc 

Houston Lighting & Power 

Illinois Power Co 

Investor Responsibility Research 

Center, Inc 
Iowa Commerce Commission 
Jet Propulsion Laboratories 
Lurgi Corp 

Maryland Public Service Commission 
Massachusetts Institute of Technology 
McDonnell Douglas Astronautics 
Merrill Lynch Capital Markets 
Middle South Utilities 
National Regulatory Research Institute 
New York Consumer Protection Board 
New York State Energy Research & 

Development Authority 
New York State Public Service 

Commission 
Nixon, Hargrove, Devans & Do\le 
Nonh American Electric Reliability 

Council 

Oak Ridge National Laboratory 
Oregon Department of Energy 
Pacific Gas & Electric Co 
Philadelphia Electric Co, 
> 'otovoltaic Energy Systems 
i- ^.ydynp Corp 



Potomac Electric Power Co 

Publir Service Electric & Gas 

Pyropower Corp 

Renewable Energy Institute 

San Diego Gas & Electric Co 

Sandia Laboratories 

Scientifica Atlanta 

Solar Energy Research Institute 

Solar Energy Industries Association 

Southern California Edison Co 

Southern Co Services, fnc 

Spire Corp. 

Standard & Poo r 's 

State of Alaska 

State of Nevada 

Technecon Consulting Group, Inc 

Tennessee Valley Authority 

Texas Public Service Commission 

1 J S Department of Commerce 

U S Department of Energy 

U S. Wind Power 

United Technologies 

University of Illinois 

University of Wisconsin 

Utah Power & Light 

W A. Vachon & Associates 

Virginia Power 

Westinghouse Electnc 

Wisconsin Power & Light 

Zond Wind Resource Development 



Individuals 



Marshall Aiper 


Marie Corio 


Thomas Key 


Tom Reddoch 


Ian Straughan 


Seymour Alpert 


George Crane 


Ron Kukulka 


Joe Reeves 


David Streets 


Bob Annan 


David Curtice 


Albert Landgrebe 


David Rigney 


Fred Strnisa 


lames Arnett 


Mike DeAngeles 


L Lilleleht 


Eaward Sabmsky 


Tom Tanton 


C J Aulisio 


Edgar DeMeo 


E. Lin 


Dick Salkov 


Stratos Tavoulareas 


Shimon Awerbach 


Bruce Edelston 


Bert Louks 


Robert San Martin 


Roger Taylor 


Don Bam 


Walter Esselman 


Bob Lynette 


Bob Schainker 


James Todd 


Robert Barber 


Sherman Faire 


Larry Markel 


Peter Schaub 


William Vaughn 


Richard Bellows 


Merrilee Fellows 


Bili Meade 


Martin Schlect 


Stan Vejtasa 


Michael Bennet 


Arnold Fickett 


William Miles 


Ralph Scott 


Herman Velasquez 


Sandra Bodmer-Turner 


Tony Funq 


James Mulvaney 


Jeff Serfass 


Blaine Vincent 


)ames Bresee 


Dom Geraghty 


James Neely 


Bob Sherwm 


William Wagers 


Sam Brovvn 


Tom Gray 


John Otts 


Harold Sielstad 


Byron Washon 


Larry Bruneel 


Leon Green 


David Owens 


Fereidoon Sioshansi 


Michel Wehrey 


Doug Carter 


Robert Hayden 


John Parkes 


Fred Sissme 


Richard Woods 


Don Cermi 


Evan Hughes 


James Phillips 


Jeff Skeer 


F.R. Zaloudek 


Bill Coleman 


Robert Johnson 


Edward Pope 


A! Skinrod 




Wilfred Comtois 


Alvm Kaufman 


Kevin Porter 


Art Somski 




Alice Condren 


Kevin Kelly 


Mirgaret Rands 


Bruce St John 





9 

ERLC 



IX 



Contents 



Chapter 

Overview 1 

1 Introduction 7 

2 Summary . 19 

3. Electric Utilities in the 1990s Planning for an Uncertain Future 41 

4. New Technologies for Generating and Storing Electric Power 73 

5. Conventional Technologies for Elertric Utilities in the 1990s. . 133 

6. The Impact of Dispersed Generation Technologies on Utility System 

Operations and Planning .... ...161 

7 Regional Differences Affecting Technologv Choices for the 1990s 183 

8 Conventional v. Alternative Technologies: Utility and Nonutility Decisions . . . 219 
9. The Commercial Transition for Developing Electric Technologies 253 

10. Federal Policy Options . . . . ... . .285 

Appendix A Cost and Performance Tables . ...303 

Index 323 



x 

ERIC 



13 



Overview and Findings 



During the 1970s, the environment within 
which utilities made investment decisions 
changed from a relatively predictable continua- 
tion of past trends to a highly uncertain and com- 
plicated maze of interrelated financial, regulatory, 
and technology considerations. As electric utili- 
ties face the 1 990s, the experiences of the 1 970? 
have made them much more wary of the finan- 
cial risk of guessing wrong and overcommitting 
to large central station coal and nuclear plants. 
At the same time, the possibility of being unable 
to meet electricity demand exists, causing grow- 
ing concern among utilities as the next decide 
approaches. 

As a result, utilities are now taking steps to en- 
hance their flexibility in accommodating future 
uncertainties. In addition to continued and pri- 
mary reliance on conventional technologies, sup- 
plemented by coal combustion technology en- 
hancements to reduce pollution emissions and 
increase efficiency, utilities are considering a va- 
riety of less traditional options. These include life 
extension and rehabilitation of existing generating 
facilities, increased purchases from and shared 
construction programs with other utilities, diver- 
sification to nontraditional lines of business, in- 
creased reliance on less capital-expensive options 
such as load management and conservation, and 
smaller scale power production from a variety of 
conventional and alternative energy sources. 
Such options offer utilities the prospects of more 
rapid response to demand fluctuations than tradi- 
tional, central station powerplants. 

The Role of Now Technologies 

This report focuses on a number of alternative 
generating technologies, as well as on energy 
storage and load management technologies that 
are new or have not traditionally been used by 
utilities or other power producers. Ii examines 
their technical readiness and tiie conditions un- 
der which they could contribute to meeting elec- 
tricity demand in the 1990s. The study does not 
examine in detail the more traditional technol- 
ogies of central station coal or nuclear, nor does 
it analyze advanced nuclear or combined-cycle 
systems and enhancements to pulverized coal 



plants such as supercritical boilers, limestone in- 
jection, or advanced scrubber systems. In addi- 
tion, we do not discuss more mature renewable 
technologies such as low-head hydropower or 
refuse- or wood-fired steam plants. Many of these 
options are discussed in other OTA reports. It is 
important to note, however, that these traditional 
options and their variations are likely to remain 
the principal choice of electric utilities in the 
1990s. 

It is convenient to divide the technologies con- 
sidered in this assessment into two basic groups 
in order to discuss appropriate policy options: 

1. The first consists of technologies envisioned 
primarily for direct e'ectric utility applications 
and includes integrated gasification com- 
bined-cycle (IGCC); large (>100 MW) at- 
mospheric fluidized-bed combustors (AFBC); 
large (>100 MW) compressed air energy 
storage (CAES) facilities; large (>50 MW) 
geothermal plants; utility-owned, fuel cell 
powerplants, and solar thermal central re- 
ceivers. 

2. The second group consists of technologies 
that are characterized as suitable either for 
utility or nonutility applications, and includes 
small (<100 MW) AFBCs in nonutility co- 
generation applications; small (<100 MW) 
CAES; fuel cells; small (< 5CMW) geother- 
mal plants; batteries; wind; and direct solar 
power generating technologies such as oho- 
tovoltaics and parabolic dish solar thermal. 

Virtually all of these technologies offer the po- 
ial for sizable deployment in electric power 
durations beyond the turn of the century. The 

potential is high because these tech ologies of* 
>er one or more advantages over most conven- 
tional generating alternatives. In general, they 
would constitute a diverse array of equipment ca- 
pable of flexibly meeting future demand growth 
and increasing the clean and efficient utilization 
of aoundant domestic energy resources. Some 
are smaller scale technologies with modular de- 
signs that permit capacity additions to be made 
in small increments with less concentration of 
financial assets and short lead-times between 
commitment and coming ''on-line/' Utilities 
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2 • New Electric Power Technologies: Problems and Prospects for the 1990s 



may be able to realize notable financial benefits 
from smaller scale capacity additions, even when 
the capital cost per kilowatt of smaller units is as 
much as 10 percent more than that of large-scale 
capacity additions. Other attractive features of 
these technologies include reduced environ- 
mental impacts, the potential for fewer siting 
and regulatory barriers, and improved efficiency 
and fuel flexibility. 

Despiie these long-term advantages, however, 
at the current rate of development very few of 
these technologies are likely to be deployed ex- 
tensively enough in the 1990s to make a signif- 
icant contribution to U.S. electricity supply. In 
both groups of technologies, the ultimate goal of 
research, development, and demonstration is to 
reduce costs and increase performance so that 
these new technologies can compete with more 
traditional technologies. 

For the first group, the likelihood of long 
preconstruction and construction lead-times— 
up to 10 years— is the primary constraint. Al- 
though these technologies have the potential for 
much shorter lead-times— 5 to 6 years— problems 
associated with any new, complex technology 
may require construction of a number of plants 
before that potential is met. If the longer lead- 
times are needed, deployment in the !990s will 
be limited because of the short time remaining 
to develop the technologies to a level utilities 
would find acceptable for commercial readiness. 

Technologies in the second group are likely to 
have shorter lead-times and are often smaller in 
generating capacity. For most of them to make 
a significant contribution in the 1990s, however, 
their development will have to be stepped-up 
in order to reduce cost to levels acceptable to 
utility decisionmakers and nonutility investors, 
and to resolve cost and performance uncer- 
tainties. 

In addition to new generating and storage tech- 
nologies, load management is being pursued ac- 
tively by some utilities. Widespread deployment 
among utilities in the 1990s, however, will de- 
pend on: continued experimentation by utilities 
to resolve remaining operation**' uncertainties; 
further refinement of load management equip- 
ment including adequate demonstration of com- 
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munications and load control systems; develop- 
ment of incentive rate structures; and a better 
understanding of customer response to differ- 
ent load controls and rate incentives. 

For load management as well as certain gen- 
erating technologies— specifically fuel cells, pho- 
tovoltaics, solar thermal technologies, and bat- 
teries—economies of scale in manufacturing 
could reduce cost substantially. Of course, these 
reduced costs will not be realized without sub- 
stantial demand from utilities or other markets. 

Finally, the relative advantages of both groups 
of new generating technologies and load manage- 
ment varies by region. Factors such as demand 
growth rates, age and type of existing generat- 
ing facilities, natural resource availability, and reg- 
ulatory climate all influence technology choice 
by utility and nonutility power producers. 

Steps for Accelerated Development 
and Deployment 

If electricity demand growth should accelerate 
by the early 1990s, the first choice of utilities is 
likely to be conventional central station genera- 
tion capacity. Because of many well-documented 
problems, however, there may be severe difficul- 
ties in relying on this choice alone and utilities 
could face serious problems in meeting demand. 
As a consequence, it may be prudent to accel- 
erate the availability of the technologies discussed 
in this study. Although not all the technologies 
woulu be needed under such conditions, if they 
were available, the market would be able to of- 
fer a more versatile array of choices to electri- 
city producers. 

The steps necessary to make these technologies 
available vary. With the first group of technol- 
ogies, it is necessary first to resolve cost and per- 
formance uncertainties within the next 5 to 6 
years, and then to assure the 5- to 6-year lead- 
time potential is met for early commercial units. 

In the wake the experiences of the last decade, 
utility decisionmakers, in particular, are now very 
cautious about new technology, and they impose 
rigorous performance tests on technology invest- 
ment alternatives. This conservatism makes ad- 
vanced commercial demonstration projects even 
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more important. For the basic designs of the 
AFBC, IGCC, and utility-scale geothermal plants, 
the current development and demonstration 
schedule appears adequate to allow these tech- 
nologies to be ready by the 1990s. Thf cooper- 
ative industry-government demonstration efforts, 
managed by the utilities, have a good track rec- 
ord. The transition from demonstration to early 
commercial units, however, will have to be ac- 
celerated if the technologies are to produce a 
significant amount of electricity in the 1990s. 
Moreover, variations ; ;i basic designs or more ad- 
vanced designs to enhance performance charac- 
teristics further will require additional research 
and development. 

Lead-times being experienced by some early 
commercial projects in both groups of technol- 
ogies have been longer than anticipated, partially 
due to the time required for regulatory review. 
Working closely with regulators and taking steps 
to assure quality construction for the early com* 
mercial plants could greatly assist the achieve- 
ment of shorter lead-time:. Emphasis on smaller 
unit size— 200 to 300 MW— would facilitate 
these actions. 

For the technologies in the second group de- 
fined earlier, where cost and performance are 
of greatest concern, one approach to acceler- 
ating development would be to increase or con- 
centrate Federal research and development 
efforts on these technologies. This could be par- 
ticularly effective for photovoltaics, solar ther- 
mal parabolic dishes, and advanced smail geo- 
thermal designs. 

There are other approaches, though, in which 
Federal efforts can assist technology develop- 
ment. The reemergence of nonutility power pi o- 
duction as a growing industry in the United States 
is providing, and can continue to provide, an im- 
portant test bed for some of these new generat- 
ing technologies. For nonutility power produc- 
ers, the Renewable Energy Tax Credit (RTC) and 
the recovery of full utility avoided costs under 
the Public Utility Regulatory Policies Act of 1978 
(PURPA) have been crucial in the initial com- 
mercial development and deployment of wind 
and solar power generating technologies. In par- 
ticular, with declining direct Federal support for 
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renewable technology development, the RTC has 
supported both development of advanced de- 
signs as well as commercial application of ma- 
ture designs. 

Without some continuation of favorable tax 
treatment, based either on capacity or produc- 
tion, development of much of the domestic 
renewable power technology industry may be sig- 
nificantly delayed. Some technologies such as 
geothermal and wind have advanced to the point, 
however, where industry probably would con- 
tinue development, although at a much slower 
pace, even if the RTC were withdrawn. 

Cooperative agreements among utilities, pub- 
lic utility commissions, and the Federal Govern- 
ment can provide another mechanism for sup- 
porting advanced commercial demonstration 
projects of technologies from both groups. A 
portion of such projects could be financed with 
an equity contribution from the utility and the 
remainder through a "ratepayer loan" granted 
by the public utility commission, possibly guaran- 
teed by the Federal Government. 

Other Actions 

The rate of deployment of new generating tech- 
nologies also will be affected by the extent to 
which utilities and nonutility power producers 
can resolve such issues as interconnection stand- 
ards, coordination with utility resource plans, and 
procedures for gaining access to transmission for 
interconnection and wheeling of power to cus- 
tomers or other utilities. 

The contribution of new generating technol- 
ogies is likely to be enhanced if utilities are 
allowed to enjoy the full benefits afforded to 
qualifying facilities under PURPA and if the re- 
strictions on the use of natural gas in power gen- 
eration are removed. The latter would allow the 
use of natural gas as an interim fuel during the 
development of "clean coal" technologies, and 
give utilities and nonutility power producers 
added flexibility. 

The new generating technologies that appear 
to show the most promise for significant deploy- 
ment in the 1990s are those that can serve ad- 
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ditional maikets beyond the domestic utility 
grid. Such markets are particularly important 
while the need for new electric generating ra- 
pacity is low, and while the cost and perform- 
ance of these technologies are uncertain in grid- 
connected applications. Indeed, if priorities must 
be set in supporting developing technologies, 
it is important to note that broad market appeal 
is as important as commercial readiness to their 
timely development. In this respect, Federal ef- 
forts to help industry exploit foreign markets 
could be especially important. 

The rate of new generating technology deploy- 
ment also is tied closely to future trends in 
avoided cost and other provisions established by 



PURPA. Long-term energy credit and capacity 
payment agreements between utilities and non- 
utility power producers could accelerate deploy- 
ment. So could mandatory minimum rates or 
fixed price schedules for utility payments to non- 
utility power producers or for use as a basis for 
cost recovery by utilities themselves. 

Finally, to increase the number of nonutility 
power projects employing new electric generat- 
ing technologies, steps to streamline the mecha- 
nisms for wheeling of power through utility serv- 
ice territories might open up new markets for the 
electricity thpy produce and thereby stimulate 
their development. 
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Chapter 1 

Introduction 



THE POLICY CONTEXT 



For the U.S electric power industry, the 1970s 
was a decade of unprecedented change. Begin- 
ning with the 1973-74 Arab oil embargo, forecasts 
of electricity demand growth and costs, based 
solely on past trends, proved virtually useless. 
Utility decisionmakers fou nd themselves caught 
in a complicated and uncertain maze of inter- 
related financial, regulatory, and technological 
considerations. 

Utilities had to pay, on average, 240 percent 
more for oil and 385 percent more for natural gas, 
in real dollars, in 1984 than in 1972. These price 
increases drove them to "back out" of oil- and 
gas-fired generation and in favor of coal and nu- 
clear plants. Oil dropped from 16 to 5 percent 
in the utility fuel mix and gat from 22 to 12 per- 
cent between 1972 and 1984. But construction 
costs of new powerplants, particularly nuclear, 
rose dramatically during this period due to a com- 
bination of factors— increased attention to envi- 
ronmental and safety issues (leading to extended 
construction lead-times and added equipment 
costs), an unpredictable regulatory environment, 
an inflation-driven doubling of the cost of capi- 
tal, and poor management in some cases. The 
higher costs of feel and capital meant higher elec- 
tricity costs, and utilities sought higher rates for 
the first time in decades. In addition, most uti'i- 
ties seriously underestimated the price elasticity 
of electricity demand. Growth in demand plum- 
meted from 7 percent a year to less than 2.5 per- 
cent by the end of the decade as consumers used 
less electricity and used it more efficiently. 

During the 1970s some electric utilities were 
brought to the brink of bankruptcy when forced 
to cancel large, unneeded powerplants; commit- 
ments to these plants had been made long be- 
fore it was realized that electricity demand had 
been overestimated. The eroding revenue base 
accompanying declining demand growth cou- 
pled with the increasingly costly construction pro- 
grams already underway left the industry for the 



most part struggling financially as bond ratings 
and stock prices fell precipitously. 

Even now in the mid-1980s, although utilities 
have for the most part recovered from the finan- 
cial trauma of the 1970s, 1 the scars remain. The 
process by which utilities initiate, analyze, and 
implement investment decisions was changed 
fundamentally by the 1970s experience. In the 
1960s, power system planners a^lyzed capac- 
ity expansion plans based on life cycle electricity 
costs of alternative plans. System planners now 
work much more closely with financial planners 
to analyze carefully the cash flow of the alterna- 
tives as well as the flexibility of alternative plans 
in accommodating unanticipated changes in de- 
mand, capital cost, interest rates, environmental 
regulation, and a host of other considerations. 
In short, their decisionmaking process has be- 
come much more financially cautious as well as 
more complex. 

While power system planners for most utilities 
continue to focus on conventional generating 
technologies, as well as advanced combined- 
cycle systems or enhancements to pulverized 
coal plants such as supercritical boilers, limestone 
injection, or advanced scrubber systems, they 
now consider a much broader range of strategic 
options, including: life extension and rehabilita- 
tion of existing generating facilities; increased pur- 
chases from and shared construction programs 
with neighboring utilities; diversification to non- 
traditional li»ies of business; increased reliance 
on load management; and increased use of small- 
scale power production from a variety of both 
conventional and alternative energy sources. In 



1 Ac tualy, even though 1 984 was a very good year for utility stocks 
on average, as of early 1985, utilities fall roughly into three cate- 
gories o stock performance some with little or no construction 
are quite strong, some with low to modest construction programs 
are stable but lackluster in performance, and finally some with large 
nuc lear facilities under c onstruc tion (or rec ently canceled) are still 
doing very poorly 
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addition, most utilities have greatly expanded 
their conservation programs, both because it now 
offers the lowest cost means of meeting demand 
in many cases, and it provides the utility with a 
way to reduce future demand uncertainty. In con- 
sidering these various options, utilities hope to 
chart an investment course that will enable them 
both to meet the largely unpredictable demand 
for electricity in the future and to maintain their 
financial health. 

The most critica' legacy of the 1 970s is the un- 
certainty in electricity demand growth After 
1972, not only did the average annual demand 
growth rate drop to less than a third of that of 
the previous decade, but the year-to-year changes 
became erratic as well. Users of electricity were 
able to alter the quantity they used much more 
quickly than utilities could accommodate these 
changes with corresponding changes in gener- 
ating capacity. Moreover, as of 1985, there is satu- 
ration in some markets— many major appliances 
in homes— and the future of industrial demand 
is clouded as many large industrial users of elec- 
tricity, such as aluminum and bulk chemicals, are 
experiencing decline in domestic production due 
to foreign competition. At the same time, rapid 
growth continues in other areas such as space 
conditioning for commercial buildings, industrial 
process heat, and electronic office equipment. 
Predicting the net impact of these offsetting fac- 
tor, along with trends toward increased effi- 
ciency, has greatly complicated the job of fore- 
casting demand. 

Since requirements for new generating capac- 
ity over the next two decades depends primarily 
on electricity demand giowth (as well as the rate 
at which aging plants are replaced with new ca- 
pacity and, in some regions, net imports of bulk 
power from other regions), planning for new ca- 
pacity has become a very risky process. To illus- 
trate the demand uncertainty, this assessment 
looks at a range of different growth rates— 1.5, 
2.5, 3.5, and 4.5 percent increases in average an- 
nual electricity demand through the end of the 
centuiy. This range is based on analysis carried 



in the 1984 OTA study, Nuclear Power in an Age 
of Uncertainty. Figure 1-1 correlates these dif- 
ferent demand growth rates with the currently 
planned generating capacity for 1993 in the re- 
gions of the United States defined by the North 
American Electricity Reliability Council (NERQ— 
the NERC regions are defined in figure 1-2. In all 
regions, capacity surpluses are now projected by 
.'993 if annual demand growth is 1.5 percent; and 
in seven of the nine regions, there would be ca- 
pacity surpluses if demand growth is 2.5 percent. 
But a 3.5 percent growth rate could mean capac- 
ity shortfalls in five of the nine regions; and with 
a 4.5 percent growth, there could be shortfalls 
in all regions. 

At the center of the policy debate over the fu- 
ture of electricity supply is the mix of power gen- 
eration technologies that will be deployed by ei- 
ther utility or nonutility power producers over the 
next several decades. Those anticipating a strong 
resurgence in electricity demand in the 1990s 
support the building of more large powerplants. 
They cite economies of scale of such plants that, 
in their view, would minimize electricity costs 
over the long run. Others, who believe demand 
growth to be more uncertain, favor a strategy of 
flexibility which includes the possibility of small- 
scale capacity additions as well as increased reli- 
ance on other methods of dealing with demand 
uncertainty such as conservation and load man- 
agement. 

Complicating this controversy is the utilities' 
evolving attitude toward new technology, another 
consequence of the 1970s. While traditionally 
conservative in adopting new technology, the 
electric utility industry has grown particularly cau- 
tious in the wake of its experience with nuclear 
power. Utilities now impose rigorous economic 
performance tests on new technology invest- 
ments. Perhaps because of this caution, projects 
initiated by nonutility power producers under the 
Public Utility Regulatory Policies Act (PURPA) 
since 1978 have served as the principal test bed 
for first generation commercial applications of 
many new generating technologies. 
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Figure 1 1.— 1993 U.S. Generating Capacity Surplus or Shortfall 
Under Alternative Peak Load Growth Scenarios" 
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^Surplus or shortfall is the projected 1993 capacity less 1993 projected peak load (including 20% reserve margin) 

Avenge annual growth in peak demand for 1983-1993 regional growth rates tor the 2 5% refers je case are given at the bottom ot the chart 
Tr<» North American Electric Reliability Council regnns are defined in figure 1 2 

SOURCE Reference projections for installed generating capacity 2 5 percent average annual growth {national 1 , and regional growth rates are reported in North 
American Elertnc Reliability Council (NERC) Electric Power Supply and Demand, 1984- 1993 {Pnncet jn NJ NERC. 1984) 



9 

ERJC 



22 



10 • New Electric Power Technologies Pre": cms and Prospects for the 1990s 



Figure 1-2.-Map of North American F.lectric Reliability Council (NERC) Regions 




ECAR East Central Area Reliability Coordination Agreement NPCC Northeast Power Coordinating Council 

ERCOT Electnc Reliability Council of Texas SERC Southeastern Electric Reliability Council 

MAAC Mid Atlantic Area Council SPP Southwest Power Pool 

MAIN Mid America Interpool Network WSCC Western Systems Coordinating Council 

MAFP Mid continent Area Power Pool 
SOURCE North American Electric Reliability Council (NERC), NERC At A Glance (Princeton, NJ NERC, 198m) 



THE PLAYERS 



Any Federal policy decision affecting the elec- 
tric power industry affects a wide range of inter- 
ests. The changing conditions of the 1970s Jong 
with increased activity in new technology devel- 
opment have increased the number of partici- 
pants who affect the industry. Each brings a very 
different perspective to electricity policy issues, 
especially with respect to new technologies. 



These participants, depicted in figure 1-3, are as 
follows: 



• Electric utilities, both public and investor 
owned, differ widely in financial health, ex- 
isting facilities and fuel use, and in their atti- 
tudes toward new technology. 
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Figure 13.-The Players Shaping the Future of U.S. Electric Power 




Monutttv 



SOURCE Office of Technology Assessment 



Nonutility power producers have reemerged 
as a potentially important force in the future 
of electric power in the United States, par- 
ticularly with respect to application of new 
technologies. With the enactment of PURPA, 
such producers (which includes all entities 
other than electric utilities) have begun to 
provide a noteworthy source of innovation 
in electric power generation. The relation- 
ship which evolves between these electricity 
producers and utilities will certainly influ- 
ence the degree of deployment of new 
power generating technologies over the next 
two decades. 

State public utility commissions exert con- 
siderable influence over utility choices by 
what is permitted to enter the rate base. 
Commissions differ widely in their attitudes 
toward treatment of research and develop- 
ment, rate structure design, cost overruns of 



construction programs, as well as toward 
new technology. 

Federal regulators such as the Federal En- 
ergy Regulatory Commission, the Nuclear 
Regulatory Commission, and the Environ- 
mental Protection Agency, in carrying out 
their assigned missions, affect the electric 
power industry profoundly. The prospect of 
extensive deployment of new technologies 
over the next several decades may hinge as 
much on the regulations promulgated by 
these agencies as on the competitive cost 
and performance of the technologies. 
Ratepayers' response to electricity prices as 
well as their attitudes on issues such as nu- 
clear power costs, nuclear safety, coal pol- 
lution, and acid rain, etc., will play major 
roles in determining the future of the elec- 
tric power industry. In particular, ratepayers' 
response to prices— i.e., their demand for 
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electricity, and attitudes on electricity sup- 
ply-related issues— will largely determine the 
technologies that will be employed in power 
generation. 

• Investors' attitudes on the comparative risks 
in selecting future utility and nonutihty 
power generation projects are important 
considerations and will affect the financial 
health of both industries. As the utility indus- 
try recovers from a financially troubled 
period, the degree to which investors are 
willing to put their money into large new 
generating plants again will greatly affect util- 
ity investment decisions. Similarly, the access 
of new electricity-generating technologies to 
traditional (other than venture) capital sources, 
which is so critical to the continued devel- 
opment of many of these technologies, will 
depend on investors' perceptions of the tech- 
nologies' cost and performance prospects. 

• Vendors of conventional power generating 
technology have enjoyed a long relationship 
with the electric utility industry. This relation- 
chip heavily influences new technology in- 
vestment decisions. 

• Vendors of developing technologies include 
many businesses that have not traditionally 
dealt with the electric utility industry. New 
technology developers, which in many cases 
also include traditional vendors, range from 



giant petroleum companies and aerospace 
firms to small independent firms. In many 
cases, the newcomers are only beginning to 
establish working business relationships with 
electric utilities and other nonutility power 
producers. For some technologies, these 
firms are much more diverse in terms of age, 
size, financial position, etc., than conven- 
tional technology vendors. The relationship 
between such firms and the utilities as well 
as nonutility power producers is still evolv- 
ing and will affect future investment de- 
cisions. 

• Research and development (R&D) establish- 
ments such as the U.S. Department of 
Energy and the Electric Powei Research In- 
stitute (EPRI) are now important forces in the 
development of new electric power technol- 
ogies. Traditionally, until the 1970s, research, 
development, and demonstration of new 
electric power technologies was primarily 
within the province of a handful of equip- 
ment vendors cited above, in some cases 
supported by the Federal Government. In- 
creasing Federal involvement in energy R&D 
in the 1970s and establishment of EPRI in 
1972 contributed to expanding the range of 
pubhc and private entities involved in com- 
mercial development of new electric tech- 
nologies. 



OBJECTIVES OF THIS ASSESSMENT 



Electric power supply issues have been actively 
discussed in recent years in Congress as well as 
by regulators, electric utilities, and other inter- 
ested parties. All parties have expressed renewed 
interest in alternatives to large, long lead-time 
powerplants. In 1981 the House Committee on 
Banking Fnance, and Urban Affairs requested 
that OTA examine the prospects of small power 
generation in the United States, citing that: 

. . considerations of energy policy have not 
taken adequately »nto account the possibilities 
of decentralizing part of America's electrical gen- 
erating capabilities by distributing them within 
urban and other communities. 

At this time, the effects of the implementation 
of PURPA were beginning to appear. This act de- 
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fined a role for grid-connected, nonutility small 
power producers in U.S. electricity generation, 
requiring utilities to interconnect and pay these 
producers for electricity provided to the grid. 
During the early 1^80s, it became clear that the 
most active nonutility area of small power pro- 
duction would be (and still is) industrial cogen- 
eration of steam and electricity. Consequently, 
in 1983 in response to the Banking Committee's 
request, OTA completed an assessment of indus- 
trial and commercial cogeneration. 2 



*U S Congress, Office of Technology Assessment, Industrial and 
Commercial Cogeneration (Washington, DC US Government 
Printing Office, February 1983), OTA-E-192 
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As the cogeneration assessment was underway, 
the effects of errors in electricity demand fore- 
casts and continued demand uncertainty on util- 
ity decisionmaking were beginning to be felt 
throughout the industry as proposed new plants 
were canceled or deferred indefinitely. These 
cancellations were particularly damaging to the 
nuclear power industry which was already strug- 
gling to deal with increasing public opposition. 
OTA completed an assessment of the future of 
nuclear power which was released early in 1984. 3 
In the course of that ^ug/, the possibility of resur- 
gent electricity demand growth in the 1990s (ar- 
gued by some as quite likely) was raised as a very 
difficult planning issue for the ut.lity industry, par- 
ticularly if utilities continued to rely on large pow- 
erplants at a time when they were financially 
stressed To address these issues and to explore 
benefits of small-scale, short lead-time alternatives 
to central station powerplants, the House Science 
and Technology Committee requested that OTA 
examine the status of such technologies as pho- 
tovoltaics, fuel cells, wind turbines, selected 
geothermal technologies, solar thermal-electric 
powerplants, atmospheric fluidized-bed com- 
bustors, coal gasification/combined-cycle plants, 
advanced utility-scale electricity storage technol- 
ogies, and load management. 

In response, in late 1983 OTA undertook this 
assessment of developing electric generating 
technologies. The assessment addresses four ma- 
jor issues: 

1. What is the current status of new electric 
generating technologies compared with con- 
ventional alternatives and how is their sta- 
tus likely to change over the next 10 to 15 
years? In addition, what are the most prom- 
ising R&D opportunities that could affect the 
deployment of these technologies over this 
period and beyond? 

2. What is the nature of the industry support- 
ing these technologies (vendors and manu- 
facturers)? And how sensitive is their viabil- 
ity to electric utility orders over the next 10 
to 15 years, Federal suppor, (e.g., tax incen- 



V- S Congress Office ot Tec hnology Assessment, Nuikw Power 
in <in ol ( >tu frttimlv (Washington DC U S Government Print- 
ing Office rebrudrv IH84J OTA-E-216 



tives and/or demonstration programs), and 
foreign competition? 

3. What are the regional differences that affect 
the attractiveness of these technologies to 
electric utilities and nonutility power produc- 
ers, particularly compared to other strategic 
options in those regions such as increased 
purchases of power from neighboring utili- 
ties, life extension of existing facilities, con- 
servation, and so on? 

4. What are the alternative public policy ini- 
tiatives (e.g., tax credits, loan guarantees, 
demonstration projects, etc.) for accelerat- 
ing the commercial viability of these tech- 
nologies? 

This OTA assessment focuses on the group of 
newer developing generating technologies that, 
while not fully mature, could figure importanrly, 
under some scenarios, in the plans of utility or 
nonutility producers in the 1990s. Those technol- 
ogies considered relatively mature including con- 
ventional coal and nuclear plants, conventional 
gas turbines, conventional combined-cycle plan':, 
biomass technologies, vapor-dominated geother- 
mal technology, low-head hydroelectric facilities, 
and others are not considered in detail. It is im- 
portant to note, however, that in many cases 
these technologies are the principal benchmarks 
against which the technologies considered here 
will be compared in the 1990s. Also not consid- 
ered are technologies not likely to contribute 
significantly to the U.S. generation mix by the 
1990s— e.g., fusion, ocean thermal energy con- 
version, magnetohydrodynamics, and thermionic 
energy conversion. 

This assessment was carried out with the assis- 
tance of a large number of experts reflecting 
different perspectives on the electric power 
industry— utility executives, system planners, fi- 
nancial planners, State public utility commis- 
sioners, environmental and consumer groups, 
Federal regulators, engineers, technology ven- 
dors, nonutility small power producers, and the 
financial community. As with all OTA studies, an 
advisory panel comprised of representatives from 
all these groups met periodically throughout the 
course of the assessment to review and critique 
interim products and this report, and to discuss 
fundamental issues affecting the analysis. Con- 
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tractors and consultants also provided a wide 
range of material in support oi the assessment. 

Finally, OTA convened a series of workshops 
to clarify important issues to be considered in the 
assessment and to review and expand upon con- 
tractors' analyses. 

The first workshop dealt with investment deci- 
sionmaking in the electric utility industry. It fo- 
cused on how the decisionmaking environment 
is changing in the industry and on identifying the 
principal considerations by utilities in making new 
technology investments. In addition, the work- 
shop addressed ut:!!ty approaches to accommo- 
dating nonutility power production, the Federal 
role in commercialization of new electric power 
gene r ating technologies, and major policy con- 
tingencies that could affect the relative attractive- 
ness of alternative generating technologies over 
the next several decades. For example, such con- 
tingencies as acid rain control policies and in- 
creased availability of natural gas for electric 
power generation were considered. 

About midway into the assessment, OTA con- 
vened a series of seven workshops dealing with 
the cost and performance of new generating and 
load management technologies. These work- 
shops reviewed and refined the benchmark cost 
and performance figures generated by OTA con- 
tractors and identified the mosi important R&D 
opportunities necessary for continued advance- 
ment of the technologies being considered. The 
results of these workshops, coupled with the sub- 
sequent contractor and OTA staff analyses, formed 
the basis of the comparative assessment of gen- 
erating techrologies and the likelihood of their 
contributing significantly to U.S. electric power 
generation in the next two decades under vari- 
ous policy scenarios. 

The final workshop convened in the course of 
this assessment dealt with economic regulatory 
issues affecting the development and deployment 
of new generating technologies. The principal is- 
sues addressed were regulatory treatment of re- 
search and de. elopment by electric utilities, im- 
plementation of PURPA, regulation of affiliated 
electric utility interests involved in new generat- 
ing technology, and scenarios for deregulating 
electric power production. 
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Based on the workshop discussions, advisory 
panel recommendations, contractor and con- 
sultant reports, and O t A staff research, a set of 
alternate policy options were developed and 
an? 1 ,d. Advisory panel members, workshop 
participants, contractors, and other contributors 
to this assessment ar listed in the front of this 
report. 

This report is organized as fellows: 

• Chapter 2 is a summary of the entire report. 

• Chapter 3 establishes the context in which 
electric utility investment decisions are made. 
In particular, it examines the range of stra- 
tegic options being considered by utilities 
and the relative importance of new gener- 
ating technologies with those options. 

• Chapter 4 defines plausible ranges of cost, 
performance, uncertainty, and risk which are 
likely to characterize new electric generat- 
ing and storage technologies in the 1990s. 
In addition, the prominent R&D needs are 
identified and discussed. 

• Chapter 5 establishes benchmark cost and 
performance figures for the conventional 
technologies against which the new technol- 
ogies are likely to compete over the next two 
decades. In addition, the prospects for re- 
habilitating or extending the lives of existing 
generating facilities and for increased reli- 
ance on load management as alternatives to 
new generating capacity are considered. 

• Chapter 6 discusses the impact of decen- 
tralized power generation on the perform- 
ance of electric power systems. The focus 
is on questions of standards for and costs of 
interconnecting such sources with the grid 
as well the effects of increasing penetration 
of such sources on power system control, 
operation, and planning. 

• Chapter 7 analyzes the differences among 
U.S. regions that could influence the poten- 
tial usefulness of new electric generating 
technologies in those regions. The principal 
differences include electricity demand growth 
and peaks, existing fuel use and generating 
facilities, indigenous energy resources, and 
interregior.u. transmission capabilities. 

• Chapter 8 compares the competitiveness of 
new technologies with conventional technol- 
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ogies. In particular, the sensitivity of invest- 
ments in different technologies to factors 
such as demand growth, construction lead 
time, cost and performance, Federal tax pol- 
icy, and environmental regulation. 
• Chapter 9 examines the industry supporting 
new generating and load management tech- 
nologies. For each of the technologies con- 
sidered, the market infrastructure, obstacles 
to domestic industry development, alterna- 



tive development paths, and foreign com- 
petition are discussed. 
• Chapter 10 presents a number of alternative 
policy options that could affect the develop- 
ment of new electric power generating and 
load management technologies over the next 
two decades. The implications of different 
policy strategies employing these options are 
discussed. 
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INTRODUCTION 



As utilities face the 1990s, the experiences of 
the 1970s have made them much more wary of 
the financial risk of guessing wrong and over- 
committing to large central station coal and nu- 
clear plants. At the same time, there is growing 
concern by utilities about the possibility of be- 
ing unable to meet demand, particularly in view 
of increased uncertainty about future demand 
growth. In addition, the provisions of the Public 
Utility Regulatory Policies Act of 1978 (PURPA), 
have made the role of nonutility power produc- 
ers increasingly important to the future of U.S. 
electricity supply. As discussed in chapter 1, one 
of the strategies being pursued by utilities to oper- 
ate in this new environment is through increased 
utilization of smaller scale power production by 



a variety of both conventional and nontraditional 
energy conversion technologies. 

If electricity demand grows at an average an- 
nual rate below 2.5 percent through the 1990s 
(current estimates range from 1 to 5 percent), the 
need for new generating capacity is likely to be 
relatively modest. Responses that include life ex- 
tension and rehabilitation, increased power pur- 
chases, and construction of realizable amounts 
of conventional generation are likely to suffice. 
But if demand growth should accelerate, these 
options may not be enough, and the availability 
of an irray of generating technologies that pro- 
vide a utility with greater flexibility for meeting 
load requirements may be desirable. 



NEW GENERATING TECHNOLOGIES FOR THE 1990s 



A number of developing technologies for elec- 
tric power generation are beginning to show con- 
siderable promise as future electricity supply 
options. Some of these technologies, such as 
atmospheric fluidized-bed combustion (AFBC) 
and integrated coal gasification/combined-cycle 
(ICCC) conversion, and fuel cells, could pave the 
way for clean and more efficient power genera- 
tion using domestic coal resources. 

In box 2A, the renewable 1 and nonrenewable 
technologies considered in this assessment are 
listed and briefly discussed. Table 2-1 shows those 
technologies grouped according to the sizes and 
applications in which they would most likely ap- 
pear if deployed during the 1990s. Also shown 
in the table are the principal conventional alter- 
natives against which these technologies are most 
likely to compete. Applications are divided be- 

'For purposes of this report we define renewable technologies 
as those that do not use conventional fossil and nuclear fuels, i e , 
solar thermal-electric, photovoltaics, wind turbines, and geother- 
mal All others we refer to as nonrenewable technologies 



tween those in which electrical power output is 
controlled by the utility (dispatchable) and those 
where it is not (nondispatchable). Dispatchable 
applications are further broken down into base, 
intermediate, and peaking duty cycles. Nondis- 
patchable applications a;e divided between those 
with and without storage capabilities. 

Many of these technologies offer modular 
design features that eventually could allow util- 
ities to add generating capability in small in- 
crements with short lead-times and less concen- 
tration of financial capital. Other attractive 
features common to some but not all of these 
technologies include fewer siting and regulatory 
barriers, reduced environmental impact, and in- 
creased fuel flexibility and diversity. Virtually all 
of the technologies considered in this assessment 
offer the potential of sizable deployment in elec- 
tric power generation applications beyond the 
turn of the century. At the current rate of de- 
velopment, however, most developing technol- 
ogies will not be in a position to contribute more 
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Table 2-1.— Selected Alternative Generating and Storage Technologies: 
Typical Sizes and Applications in the 1990s 



Typical configurations in the 1990s 



installation 
size (MW) 


Dispatchable applications 3 


Nondispatchable applications' 3 


Base load Intermediate load Peaking load 
(60-70% CF) (30-40% CF) (5-15%) 


Intermittent Others 

o i in aye; \nui uiiiiiy cuniroiieuj 


Greater than 
250 MWe 


Coal gasification/ Coal gasification/ n a 
combined-cycle combined-cycle 

Conventional coal 




51-250 MWe 


Geothermal Atmosphere f luidizea Compressed air storage 

bed combustor (maxi CAES) 
Atmospheric fluidized- Compressed airsto.age 
bed combustor (maxi CAES) Solar thermal (w/storage) 

Solar thermal (w/storage) 
Combined-cycle plants Combined-cycle plants Cc ibustion turbine 


Solar thermal Atmosph9rlc fluidi7«Kj- 
Wind bed combustor 

Solar thermal (w/storage) 


1-50 MWE 


Geothermal Fuel cells Compressed air storage 
Atmospheric fluidized- Compressed air storage (mini CAES) 
bed combustor (maxi CAES) Battery storage 
Fuel cells Solar thermal (w/storage) Fuel cells 

Solar thermal (w/storage) 

Combustion turbine 


Solar thermal Atmospheric fluidized- 
Wind bed combustor 
Photovoitaics Geothermal 
Fuel cells 

Solar thermal (w/storage) 
Battery storage 
Compressed air storage 

(mini CAES) 
Geothermal 

Combustion turbine 


Less than 
1 MWe 




Solar thermal Fuel cells 
Wind Battery storage 
Photovoitaics 



NOTES For each unit size and application, new technologies are shown above the dotted line and conventional technologies are shown below the dotted line 

CF = capacity factor and n a = not applicable 
a Oispatchable technologies may not be utility owned 

&Note that nondispatchable technologies may serve base intermediate, or peafcinfl loads 
SOURCE Office of Technology Assessment 



than a few percent of total U.S. electric gener- 
ating capacity in the 1990s, and therefore, will 
not be of much help in meeting accelerated de- 
mand, should it occur. 2 

Cost and Performance 

The current cost and performance character- 
istics (including the uncertainty in both cost and 
performance) of most new technologies are not 
generally competitive with conventional alter- 
natives. 3 Cost reductions, performance improve- 
ments, and resolution of uncertainties will all oc- 
cur as these technologies mature. The rate at 



2 Here and elsewhere in this report, a contribution to U S elec- 
tricity supply is considered "significant" when it amounts to more 
than 5 to 10 percent of total generating capacity, or the equivalent 
in terms of electricity storage or reduced demand 

Mn particular, with conventional generating capacity in smaller 
unit sizes such as conventional combustion turbines, advanced 
' ombined cycle plants, slow-speed diesels, and participation in con- 
ventional cogeneration projects 



which this maturity occurs depends on: 1) sus- 
tained progress in research, development, and 
demonstration to reduce cost, improve perform- 
ance, and reduce uncertainty in both cost and 
performance; and 2) continued active demonstra- 
tion of the technologies, particularly in utility ap- 
plications to develop the commercial operating 
experience necessary before utility decision- 
makers will consider a new technology seriously. 
Utility and nonutility interest in these technol- 
ogies is also affected by a wide range of other 
factors relating to environmental benefits, siting 
requirements, and public acceptance. 

Lead-Times 

Common to the deployment of all electric gen- 
eral.ng technologies is the rleed for planning, de- 
sign, licensing, permitting, other preconstruction 
activities, and finally construction itself. These 
steps with some technologies, for early units at 
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a minimum, may take long periods of time—up 
to 10 years or more. This means that if those tech- 
nologies still undergoing development are to be 
commercially deployed in the 1990s, there may 
be as little as 5 or 6 years in which to complete 
development and establish in the minds of inves- 
tors that their costs, performance, and other at- 
tributes fall within acceptable ranges. 

Specific Generating Technologies 

The relative importance of efforts to improve 
cost and performance versus the need to shorten 
lead-times in order to attain commercial status 
varies by technology. This distinction, in particu- 
lar, makes it convenient to divide the technol- 
ogies considered here into two basic groups: 

1 . The first consists of technologies envisioned 
primarily for direct electric utility applica- 
tions, and includes IGCC plants; large (> 100 
MW) AFBC; large (> 100 MW) compressed 
air energy storage (CAES) facilities; large 
(>50 MW) geothermal plants; utility-owned 
fuel cell powerplants; and solar thermal cen- 
tral receivers. 

2. The second group consists of technologies 
that are characterized as suitable either for 
utility or nonutility applications, and includes 
small (<100 MW) AFBCs in nonutility co- 
generation applications; fuel cells small 
(<100 MW) CAES; small (<50 MW) geo- 
thermal plants; batteries; wind; and direct 
solar power generating technologies such as 
photovoltaics and parabolic dish solar thermal. 

In both groups, the goal of research, develop- 
ment, and demonstration is to improve cost and 
performance characteristics to a point where the 
technologies are commercially competitive. For 
the first group of technologies, however, the 
likelihood of long lead-times for early commer- 
cial units is the primary constraint to extensive 
use in the 1990s. Technologies in the second 
group are likely to have shorter lead-times and 
are often smaller in generating capacity. For most 
of them to make a significant contribution in the 
1990s, however, their research, development, 
and demonstration will have to be stepped-up 
in order to reduce cost to levels acceptable to 



utility decisionmakers and nonutility investors, 
and resolve cost and performance uncertainties. 

It is important to note that the distinction be- 
tween these two groups of technologies is not 
rigid. Technologies in the first group also could 
benefit from accelerated research and develop- 
ment while those in the second group could be 
held back by long lead-times. 

In addition, many of the technologies in the 
second group are small enough to qualify as small 
power producers employed in nonutility power 
generating project* operating under the provi- 
sions of PU RPA. The existence of a wide variety 
of markets and interested investors outside the 
electric utilities increases the likelihood that at 
least some of these technologies will be de- 
ployed. 

Because of its modular nature and positive 
environmental features, the IGCC has the poten- 
tial for deployment lead-times of no more than 
5 to 6 years. Early commercial units, however, 
may require longer times— up to 10 years— 
because of regulatory delays, construction prob- 
lems, and operational difficulties associated with 
any new, complex technology; and it may take 
a number of commercial plants before the short 
lead-time potential of the IGCC is realized. In ad- 
dition, despite the success of the Cool Water 
demonstration project, a 100 MWe IGCC plant 
that has increased electric utility confidence in 
the technology, more operating experience is 
likely to be required before there will be major 
commitment to the IGCC by a cautious electric 
utility industry. Therefore, unless strong steps are 
taken to work closely with regulators and to as- 
sure quality construction for these initial plants, 
there may be insufficient time remaining after 
utilities finally make a large commitment to the 
IGCC for the technology to make a significant 
contribution before 2000. As has been shown 
in the Cool Water project, though, such steps are 
possible, and they may be facilitated if initial com- 
mercial units are in the 200 to 300 MWe range 
rather than the current design target of 500 MWe. 

The first large (about 150 MW), "grass-roots" 
(i.e., not retrofits of existing facilities) AFBC in- 
stallations for generating electricity also may be 
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subject to long lead-times. Moreover, a large 
AFBC demonstration unit probably will not even 
be operating until 1989. It now appears unlikely 
that the operation of that unit will be sufficient 
to justify large numbers of orders within the first 
few years of the 1990s. The AFBC however, also 
has the potential for needing lead-times on the 
order of only 5 years. Further, favorable experi- 
ence with smaller AFBC cogeneration units and 
AFBC retrofit units which will be in service by 
1990 may provide the commercial experience 
needed to accelerate deployment of the larger 
units. 

Foremost among new technologies offering 
the potential of significant deployment in the 
1990s are small (below 100 MWe) AFBC plants 
in cogeneration applications and larger (100 to 
200 MWe) AFBC retrofits to existing coal-fired 
powerplants. ^/ 1990, plants of both types will 
be operating. Over a dozen commercial cogen- 
eration plants using AFBC have been started by 
nonutilities, and two large utility retrofit projects 
are underway. These first plants appear capable 
of producing electricity at lower costs than their 
solid-fuel burning competitors (including the 
IGCC and large, electric-only, grass-roots AFBCs) 
in the 1990s. The prospects are good that addi- 
tional orders— perhaps mostly from nonutilities — 
will be forthcoming and that large numbers of 
these AFBC units could be operating by the end 
of the century. 

While the prospects for wine' turbines are 
clouded by the anticipated termination of the 
Renewable Energy Tax Credits (RTC) and other 
potential tax changes, the outlook nevertheless 
appears promising. By the end of 1984, an esti- 
mated 650 MWe were in place in wind farms in 
the United States, mostly in California (550 
MWe). Over the early 1980s, capital costs have 
dropped rapidly and performance improved 
swiftly. Improvements are expected to continue, 
and the cost of electric power from wind tur- 
bines, even unsubsidized ones, in high-wind 
parts of the country may soon be considerably 
lowef than power from many of their competi- 
tors. The rate of improvement will be heavily in- 
fluenced by future trends in the avoided costs or 
"buy-back rates" offered by utilities to nonutil- 
ity electricity producers. Should these costs be 



low or uncertain, technological development and 
application will be slowed. Conversely, high 
avoided costs, stimulated perhaps by rising oil 
and gas prices or shrinking reserve margins of 
generating capacity, might considerably acceler- 
ate their contribution. 

Although geothermal development has been 
substantial compared to other technologies, most 
of this development has occurred at The Geysers 
in California, an unusual high-quality dry steam 
resource (one of only seven known in the world) 
that can be tapped with mature technology. All 
other geothermal resources in the United States 
require less developed technology to generate 
power. Two developing geothermal technologies, 
though, are currently being demonstrated on a 
small scale and show promise for commercial ap- 
plications in the West. Current evidence indicates 
that these technologies— dual flash and binary 
systems— are very close to being commercial, and 
that cost and performance will be competitive. 
Small binary units (about 10 MWe) are already 
being deployed commercially. These develop- 
ments, coupled with the fact that the technologies 
can be put in place with lead-times of 5 years or 
less, suggest that they could produce consider- 
able electric power in the West by the end of the 
century. As is the case with wind power, the 
growth rate of geothermal power will be sensi- 
tive to Federal and State tax policy. 

Initial commercial application of fuel cells 
should appear in the early 1990s, primarily fired 
with natural gas. The large and potentially var- 
ied market (it includes both gas and electric util- 
ities as well as cogenerators), the very short lead- 
times, factory fabrication of components, and a 
variety of operational and environmental bene- 
fits all suggest that when cost and performance 
of fuel cell powerplants become acceptable, de- 
ployment could proceed rapidly. The principal 
obstacle to fuel cells making a significant con- 
tribution seems to be insufficient initial demand 
to justify their mass production. For such de- 
mand to appear in the 1 990s, extensive commer- 
cial demonstration in the late 1980s will probably 
be necessary. 

The development rate of photovoltaics (PV) 
has been considerable in recent years, but the 
technical challenge of developing a PV module 
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that is efficient, long-lasting, and inexpensive 
remains. While technical progress and deploy- 
ment of photovoltaics in the United States are 
likely to be slowed by termination of the RTC or 
by other changes in Federal or State tax law, or 
by declining avoided costs, industry activity is 
likely to remain intense. Aided by interim mar- 
kets of specialized applications and consumer 
electronics, PVs could develop to the point where 
competitive grid-connected applications at least 
begin to appear in the 1990s. In the 1990s, over- 
seas markets may dominate the industry's atten- 
tion, stimulating and supporting improvements 
in cost and performance, and encouraging mass 
production to further reduce costs. However, 
European and Japanese vendors, assisted by their 
respective governments, have been more suc- 
:essful than U.S. vendors in developing these 
markets. Foreign competition is likely to be a 
major concern for U.S. vendors over the next 
decade. 

Of the solar thermal technologies, solar para- 
bolic dish technologies offer the most promise 
over the next 10 to 15 years; although with cur- 
rent uncertainty in cost and performance, solar 
troughs may be competitive as well. Character- 
istics of some solar dish and trough designs indi- 
cate that they could be rapidly put in place in 
areas such as the Southwest. The cost of power 
generation using these designs in such regions 
could be very close to those of conventional alter- 
natives. Some demonstration and subsidized 
commercial units already are operating. Full com- 
mercial application, however, will require fur- 
ther demonstrations of the technologies over ex- 
tended periods of time; such demonstrations 
must be started no later than 1990 if the tech- 
nologies are to be considered seriously by in- 
vestors in the 1990s. The likelihood of such 
demonstrations appears now to depend on the 
availability ot some kind of subsidy. In particu- 
lar, development of the technology to date has 
depended heavily on the RTC. 

Other solar thermal technologies, including 
central receivers and solar ponds, while show- 
ing long-term promise, are unlikely to be com- 
petitive with other electric generating alternatives 
or have sufficient commercial demonstration ex- 
perience to yield any significant contribution 



through the 1990s. The central receiver, how- 
ever, is of continuing interest to a some South- 
western utilities in the long term because it offers 
a favorable combination of advantages including 
the potential for repowering applications, high 
efficiency, and storage capabilities. 

Along with new generating technologies, this 
assessment examined two electric energy storage 
technologies -compressed air energy storage 
(CAES) and batteries—that show long-term prom- 
ise in electric utility applications. 

Because of potentially long lead-times, CAES 
appears to have only limited prospects in the 
1990s. The large-scale (> 100 MW) version of this 
technology (called maxi-CAES) currently has an 
estimated lead-time of 5 to 8 years; of this, licens- 
ing and permitting and other preconstruction 
activities is expected to take 2 to 4 years. More- 
over, while commercial installations are operat- 
ing in Europe, no plant yet exist* in the United 
States. Despite strong evidence that this technol- 
ogy offers an economic storage option, CAES is 
unlikely to be the target of much investment un- 
til a demonstration plant is built. No plans for a 
demonstration plant currently exist. Further, 
while a demonstration project should prove the 
technology, the peculiar underground siting 
problems and unfamiliarity with the CAES con- 
cept may still limit early application. 

A smaller alternative-mini-CAES (< 100 MW) 
—promises to have a much shorter lead-time due 
to modularity of the abov^-ground facilities and 
short (30-month) construction lead-times. Here 
too, however, unless a demonstration plant is 
started in the next few years, extensive deploy- 
ment before the end of the century is improbable. 

Resolution of a variety of cost and performance 
uncertainties remains before extensive use of ad- 
vanced battery storage systems can be antici- 
pated. If the technical problems can be resolved 
in a timely fashion and demonstration programs 
are successful, however, rapid deployment in 
electric utility applications could occur, due to 
the short lead-times and cost reductions associ- 
ated with mass production. Of the candidates, 
lead-acid and zinc-halogen batteries appear to 
show the most promise. 
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Table 2-2 summarizes the most promising areas 
of research and development identified by OTA 
for the technologies analyzed in this assessment. 
Atention to these research and development op- 
portunities could accelerate commercial their de- 



velopment through the 1990s. Table 2-3 summa- 
rizes the major electric power generating projects 
utilizing these technologies installed or under 
construction as of May 1985. 



CONVENTIONAL ALTERNATIVES IN THE 1990s 



The contribution of developing technologies 
over the next two decades depends in part on 
the relative cost and performance of conventional 
generating options as well as a variety of options 
for extending the lives or otherwise improving the 
performance of existing generating facilities. 



New Capacity 

To the extent that new generating capacity is 
needed at all over the next two decades, con- 
ventional pulverized coal plants, combustior 
turbines, and advanced combined-cycle plants 
will continue to be the principal benchmark 
against which utilities and others will compare 
developing generating technologies. Utilities are 
very interested, however, in smaller unit sizes 
of even these technologies. Also, if nuclear 
power is to become a realizable choice again for 
utilities, it is likely to involve smaller, standard- 
ized units. 

If hydroelectric opportunities are available, they 
are likely to be exploited in both run-of-river and 
pumped storage applications; few new hydro- 
electric opportunities, though, are likely through 
the 1990s. Similarly, refuse steam plants, biomass 
technologies (e.g., wood waste-fired power gen- 
eration), slow-speed diesels, and vapor-domi- 
nated geothermal plants all use mature technol- 
ogies so that where opportunities exist, they are 
likely to be chosen over newer technologies. 

In addition, enhancements to conventional 
plants such as limestone injection in coal boilers, 
coal-water fuel mixtures, and others will all be 
reviewed carefully along with new generating 
technologies as utilities plan for new capacity. 
The availability of such enhancements could sig- 
nificantly affect the relative attractiveness of new 
technologies in the 1990s. 



Plant Betterment 

By 1995, the U.S. fossil steam capacity will 
have aged to the point where over a quarter of 
the coal and nearly half of the oil and gas steam 
units nationwide will be over 30 years old. In 

the past, the benefits of new technology often 
outweighed the benefits of extending the useful 
lives of existing generating facilities, rehabilitat- 
ing such facilities to improve performance or up- 
grade capacity, or even repowering such plants 
with alternative fuels. All of these so-called plant 
betterment options are receiving renewed inter- 
est by utilities because plants "reaching their 30th 
birthday'* over the next decade have attractive 
unit sizes (100 MW or larger) and performance 
(heat rates close to 10,000 Btu/kWh). For that rea- 
son, rehabilitating or simply extending the lives 
of such units, frequently at much lower antici- 
pated capital costs than that o' new capacity, 
are often very attractive options for many utili- 
ties. Prospects are particularly bright if units are 
located at sites close to load centers and the re- 
habilitation does not trigger application of New 
Source Performance Standards i.e., more strin- 
gent air pollution controls. 

In many instances, plant betterment can also 
improve efficiency up to 5 to 10 percent and/or 
upgrade capacity. Additional benefits from such 
projects include possible improvements in fuel 
flexibility or reduced emissions of existing gen- 
erating units at modest cost relative to that of new 
capacity. Finally, an initial market for some new 
technologies such as the AFBC are in repower- 
ing applications, e.g., where an existing pulver- 
ized coal plant is retrofitted with an AFBC boPer. 

Load Management 

Load management refers to manipulation of 
customer demand by economic and/or techni- 
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Table 2-2.— Areas of Principal Research Opportunities: Developing Technolgies for the 1990s 



Wind: 

1 Development of aerodynamic prediction codes 

2 Development of structural dynamic codes 

3. Fatigue research 

4. Wind -farm wake effects 

5. Development of acoustic prediction codes 

Solar thermal electric: 
General* 

1. Low cost, reliable tracking hardware 
Solar ponds: 
1. Physics and chemistry 
2 Design and performance analysis 

3. Construction techniques 

4. Operation and maintenance 
Central receivers 

1. Physics and chemistry 

2. Development and long-term testing of cheap and 
durabli scaled-up molten-salt subsystems (including 
receiver, pumps, valves, and pipes) 

Parabolic dishes* 

1. Durable engines 

2. Cheap, high-quality, durable reflective materials 
(polymers) 

3. Long-life Stirling and Brayton heat engines 
Parabolic troughs* 

1. Inexpensive, long-lived, high-temperature thermal- 
storage media 

2. Cheap, leak-resistant, well-insulated receiver-tubes 

3. Cheap, high-quality, durable reflective materials 
(polymers) 

Photovoltalca: 

1. Highly efficient, long-lived, mass-produced cells; 
especially those suitable for use with concentrators 

2. Cheap semiconductor-grade silicon 

3. Cheap, durable, and reliable modules and module 
subcomponents (especially the optics and cell 
mounts for concentrator modules) 

4. Reliable, inexpensive and durable "balance of 
systems," especially tracking systems and power 
conditioners 

Fluldliedbed combuatora: 

Circulating-bed AFBCs: 

1. Cheap, durable, and reliable equipment for 
separating solids from gas s treat 

2. Erosion- and corrosion-resistant materials and 
designs 

Bubbling-bed AFBCs 

1. Adequate sulfur capture by limestone sorbent 

2. Effective fuel-feed systems 

3. Erosion- and corrosion-resistant materials and 
designs 

Integrated gaalHcatlon/comblned-cycle: 

1. Cheap, durable, reliable, and efficient combustion 
turbines and combined-cycle systems 

2. Erosion- and corrosion-resistant materials 

3. Gasifiers capable of effectively converting a variety 
of fuels 

SOURCE Office of Technology Assessment 



4. Design-specific research requirements: 

a. Moving-bed gasifiers: full utilization of fines and 
hydrocarbon liquids 

b. Fluidized-bed gasifiers: full carbon conversion 

c Entrained flow gasifiers: raw gas cooling without 
excessive corrosion or ash entrapment 

Energy storage: 

Batteries: 

1 Cheap, highly active, and long-lived (especially 
corrosion-resistant) catalysts 

2. Corrosion-resistant structural materials 

3. Low-cost and long-lasting electrolytes 
Compressed-air energy storage: 

1 Corrosion-resistant equipment (especially turbine 
blades and underground equipment) 

2. Durable, reliable, and inexpensive recuperator 
(recuperator discharges heat from combustion 
turbine gases to incoming compressed air) 

3. Lower cost of existing underground storage sites 
4 Improved recovery of compression heat 

5. Geologic response to air cycling in reservoir 

Load management technologies: 

Meters: 

1. Mass-produced, inexpensive, durable, reliable solid- 
state devices capable of operating in adverse 
environments 

2. Meter capable of sustaining operation during power 
outages 

Communications systems* 

1. Inexpensive, reliable, and durable residential 
receivers or transponders 
Logic systems: 

1. Development of appropriate software 

Fuel cells: 

1. Lower cost and more efficient catalysts 

2 Less corrosive and temperature-sensitive structural 
materials 

3. Higher power densities via: 

a. Improved coolig systems 

b. Improved oxygen flows 

c. Improved cell geometry 

4. More stable electrolytes 

5. Longer stack life 

Qeothermal: 

1. Inexpensive, durable, and reliable down-hole pumps 

2. Detailed resource assessment 

3. Inexpensive, durable, and reliable well casing 
materials 

Dual flash: 

1. Cheap, durable, and reliable equipment for removing 
noncondensable gases and/or entrained solids from 
brines 

2. Reliable operation in highly saline environments 
Binary: 

1. Inexpensive, durable working fluids 
2 Equipment durability and reliability in highly saline 
environments 
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Table 2-3.— Developing Technologies: Major Electric Plants Installed or Under Construction by May 1, 1985 



Technology 


Capacity 


Location 


Primary sources of funds 


Status 


Wind turbines 3 


550+ MWe (gross) b 


California wind farms 


Nonutility 


Installed 




100+ MWe (gross) 0 


U S wind farms outside 


Nonutility 


Installed 






of California 








? MWe d 


All US wind farms 


Nonutility 


Under construction (1986) 


Soler thermal electric 






Central receiver 


10 MWe (net) 8 


Daggett, CA 


Utility, nonutility, and 
Government 


Installed 




0 75 MWe 


Albuquerque, NM 


Utility, nonutility, and 
Government 


Installed 


Parabolic trough 


14 MWe (net) 


Daggett, CA 


Nonutility 


Installed 




30 MWe (net) 


Daggett, CA 


Nonutility 


Under construction (1986) 


Parabolic d;sh 


0 025 MWe (net) f 


Palm Springs, CA 


Government 


Installed 




2 x 0025 MWe (net) f 


Various locations 


Nonutility 


Installed 




2 x 0 025 MWe (net) f 


Various locations 


Nonutility 


Under construction 


Solar pond 


3 6 MWe 


Warner Springs, CA 


Nonutility 


Installed 


None 






Photovoitelcs: 










Flat plate 


1 MWe (dc, gross) 


Sacramento 


Utility and Government 


Installed 




1 MWe (dc, gross) 


Sacramento, CA 


Utility and Government 


Under construction (1985) 




1 MWe (dc, gross) 


Hesperia, CA 


Nonutility 


Installed 




6 5 MWe (dc, gross) 


Carrisa Plains, CA 


Nonutility 


Installed 


Concentrator 


0 75 MWe (dc, gross) 


Carrisa Plains, CA 


Nonutility 


Under construction 


4 5 MWe (dc, gross) 


Borrego Springs, CA 


Nonutility 


Installed^ 




1 5 MWe (dc, gross) 


Davis, CA 


Nonutility 


Installed 1 * 




3 5 MWe (dc, gross) 


Barstow, CA 


Nonutility 


Installed^ 


Geothermaf: 








Dual flash 


10 MWe 


Brawley, CA 


Utility/nonutility 


Installed 




10 MWe 


Salton Sea, CA 


Utility/nonutility 


Installed 




47 MWe (net) 


Heber, CA 


Nonutility 


Under construction (1985) 




32 MWe (net) 


Salton Sea, CA 


Nonutility 


Under construction (1985) 


Binary 






Small 


2x35 MWe 


Mammoth, CA 


Nonutility 


Installed 




3 x 0.3 MWe 


Hammersly Canyon, OR 


Nonutility 


Installed 




3x04 MWe 


Hammersly Canyon, OR 


Nonutility 


lnstalled h 




10 MWe 


East Mesa, CA 


Nonutility 


Installed 




1 x 0 75 MWe (gross) 


Wabuska, NV 


Nonutility 


Installed 




3 x 0.35 MWe (gross) 


Lakeview, OR 


Nonutility 


lnstalled h 




3 x 0 45 MWe (gross) 


Lakeview, OR 


Nonutility 


lnstalled h 




4 x 1.25 MWe (gross) 


Sulfurvitle, UT 


Nonutility 


Under construction (1985)' 


Large 


3 x 0 85 MWe (gross) 


Sulfurville, UT 


Nonutility 


Under construction (1985)' 


45 MWe (net) 


Heber, CA 


Ut.ilty, nonutility, and 


Installed 


Fuel cells: 






Government 




Large 


None 








Small 1 


38 x 0 04 MWe (net) 


Various locations 


Utility, nonutility, and 


Installed 


Small 1 






Government 




5 x 0 04 MWe (net) 


Various locations 


Utility, nonutility, and 
Government 


Under construction 


Fluldlzed bed oombustors: 










Large grass roots 


160 MWe 


Paducah.KY 


Utility* and Government 


Under construction (1969) 


Large retrofit 


100 MWe 


Nucla, CO 


Utility* 


Under construction (1987) 




125 MWe 


Burnsville, MN 


Utllity K 


Under construction (1986) 


Small cogeneration 


125 MWe 


Brookesville, FL 


Nonutility 


Under construction (1966) 


30 MWe 


Colton, CA 


Nonutility 


Under construction (1965) 




25 MWe 


Fort Wayne, IN 


Nonutility 


Under construction (1986) 




15 MWe 


lone, CA 


Nonutility 


Under construction (1967) 




67 MWe 


Chester, PA 


Nonutility 


Under construction (1966) 



'includes smal' and medium-sized wind turbines 

Approximately 560 MWe were operating In California at the end of 1984 It Is not known how much additional capacity was Installed by May 1965 
Approximately 100 MWe were operating outside of California at the end of 1984 It is not known how much additional capacity had been Installed outside California 
by May 1965 

°lt is not known how much capacity was under construction on May 1, 1985 

•This facility, the Solar One Pilot plant, is not a commercial-scale plant and differs in other important ways from the type of system which might be deployed commer- 
cially in the 1990s 

f Thla Installation consists of only one electricity producing module, a commercial Instal'ation probably would consist of hundreds of modules 

OOnly 10 percent of the modules were operating at the time because of problems with the power conversion systems 

"Installed but not operating, pending contracture! negotiations with utilities 

'The equipment modules have been delivered to the site, site preparation, ho we er, has not started 

Jjhese units are not commercial- scale units 

"Including the Electric Power Research Institute 
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Table 2-3.— Developing Technologies: Major Electric Plants Installed or Under Construction 

by May 1, 1985— Continued 



Technology 


Capacity 


Location 


Primary sources of funds 


Status 




90 MWe' 


Decatur, IL 


Nonutillty 


Under construction (1986) 




50 MWe m 


Cedar Rapids, IA 


Nonutility 


Under construction (1987) 




3 5 MWe 


Pekin, IL 


Nonutillty and 
Government 


Installed 

1 1 1 9 1 Oil 1 Ov 




28 MWe 


Ponttac, M 1 


Nonutility 


Undf i construction (1986) 




2 8 MWe 


Washington, DC 


Nonutility and 
Government 


Ins' Jlled 




24 MWe 


Enfold, ME 


Nonutility 


Under construction (1986) 




20 MWe 


Chines9 Station, CA 


Nonutility 


Under construction (1986) 


IQCC n 


100 MWe 


Daggett, CA 


Utility, nonutility, and 
Government 


Installed 


Batterits: 










Lead acid 0 


0 5 MWe 


Newark, NJ 


Utility and Government 


Installed 


Zinc chloride 


None 0 






CAES: 










Mini 


None 








Maxi 


None 









'This is the total capacity which may be generated from the four AFBC boilers which will be Installeo 
m Thls is the total capacity which may be generated from the two AFBC boilers which will be installed 

"While this Installation, the Cool Water unit, uses commercial scale components, the installation itself is not a commercial-scale installation 

°While this installation at the Battery Energy Storage Test Facility uses a commercial scale battery module, the installation Itself Is not a commercial-scale Installation 

Pa 0 5-MWe zinc chloride commercial scale battery module was, howaver, operating at the Battery Energy Storage Test facility until early 1965 



SOURCE Office of Technology Assessment 



cal means. It is done for the mutual benefit of 
both utility and customer, usually as a means to 
provide maximum productivity of the utility's 
generation and distribution capacity. While load 
management is not a permanent substitute for 
new capacity, it can enable a given capacity to 
satisfy a greater customer base, and operate at 
maximum efficiency. It is now employed by some 
utilities and being seriously considered by many 
others to improve their load factor— the ratio of 
average to peak load. Since base load generat- 
ing equipment is generally more thermally effi- 
cient than peak load equipment, one of the prin- 
cipal goals of load management is to encourage 
a shift of demand to off-peak periods. The other 
is to defer the need for costly new generating ca- 
pacity by inhibiting demand during peak periods. 
This assessment focuses on technology-based di- 
rect load control technolop : ^ employing ad- 
vanced meters and utility-owned or controlled 
load control systems. A potentially important fea- 
ture of load management is that it can help re- 
duce future demand growth uncertainty if the 
saturation and use of load management devices 
can be mo r e accurately predicted. If such predic- 
tions are not possible, however, then increased 
load management mav actually increase demand 
uncertainty. 



Based on the results of current load manage- 
ment programs and ongoing experiments, load 
management technologies are expected to be 
able to be deployed at costs below those asso 
ciated with many conventional generating alter - 
natives. In many instances, however, these costs 
cannot be reached without substantial utility de- 
mand to encourage manufacturers to realize vol- 
ume production economies. 

Widespread deployment of load management 
in the 1990s will depend on continued experi- 
mentation by utilities to resolve operational un- 
certainties; the refinement of load management 
equipment and techniques, including adequate 
demonstration of communications and load 
control systems; development of incentive rate 
structures; and a better understanding of cus- 
tomer acceptance. Commitments to initiate load 
management systems will also depend on the na- 
ture of a utility's demand patterns and capacity 
mix, the attitudes of utility decisionmakers, and 
on public utility commission actions. The degree 
of Dublic utility commission support, in particu- 
lar, is likely to be very important over the next 
decade. 
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IMPACT OF DISPERSED GENERATING TECHNOLOGIES 
ON SYSTEM OPERATION 



As the participation in U.S. electric power sys- 
tems of nonutility owned and operated dispersed 
generating sources (DSCs) increases, the impli- 
cations for system operation, performance, and 
reliability are receiving increased attention by the 
industry. For the most part, however, the tech- 
nical aspects of interconnection and integration 
with the grid are fairly well understood and most 
utilities feel that the technical problems can be 
resolved with little difficulty. State-of-the-art 
power conditioners are expected to alleviate util- 
ity concerns about the quality of interconnection 
subsystems. A number of nontechnical problems 
remain, though, which could inhibit the growth 
of DSCs. 

Nonutility Interconnection Standards 

More utilities are developing guidelines for in- 
terconnection of DSCs with the grid. A number 
of national "mode!" guidelines are being devel- 
oped by standard-setting committees for the In- 
stitu;o of Electrical and Electronic Engineers, the 
National Electric Code, the U.S. Department of 
Energy, and the Electric Power Research Institute, 
although - - -v has yet released final versions and 



widespread utility endorsement is still uncertain. 
As a result, DSG owners are likely to face differ- 
ent and sometimes conflicting interconnection 
equipment standards well into the 1990s. These 
differences may hamper both the use of DSGs 
as well as the standardized manufacture of in- 
terconnection equipment. 

Interconnection Costs 

The costs of interconnection have declined dra- 
matically in recent years, particu 1 uly for smaller 
DSGs. Typical costs range from $600/kW for 5 
kW units to less than $100/kW for 500 kW or 
larger units. The interconnection costs form ulti- 
megawat* DSCs are only a small fraction of the 
total cose of the facility. While future technologi- 
cal "Jvances in .nicroprocessor controls and less 
costly nonmetallic construction could bring costs 
down even further, the major cost decrease is ex- 
pected to come from volume production of 
equipment. As mentioned above, though, this 
volume production may be delayed until national 
model interconnection guidelines are agreed on 
for interconnection equipment. 



REGIONAL DIFFERENCES 



A particularly important factor affect^ the 
relative advantages of new electric generating, 
storage, and load management technologies is 
the region in which a utility or prospective non- 
utility power producer is located. U.S. regions dif- 
fer markedly in industiial base, demographic 
trends, and other factors affecting electricity de- 
mand; the age and composition (particularly fuel 
use) of existing generating facilities; the nature 
and magnitude of available indigenous energy re- 
sources; regulatory environment; transmission in- 
frastructure and prospects for bulk power trans- 
fers; and other factors affecting the selection of 
electric power technologies. 



Existing Generation Mix 

The regional mix of existing generating facil- 
ities is likely to profoundly affect the relative at- 
tractiveness of new generating capacity. While 
most electric utility systems with substantial oil 
and gas capacity ar*» expected to decrease use 
of these fuels over the next decade, reliance on 
these fuels is expected to be strong enough in 
some areas, i.e., New England, the Gulf and 
Mid-Atlantic States, the Southeast, and the West, 
that the economics of competing technologies 
will remain particularly sensitive to the price and 
availability of oil and gas. This will apply even 
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more strongly in the few States such as Florida 
where, due to expectations of high demand growth 
and continued decreases in (or stabilization of) 
oi! prices, utility systems are actually forecasting 
increased use of oil. 

In California oil- and gas-fired generation, while 
declining, is projected to remain above 33 per- 
cent of the total electricity generation in the State 
through the end of the century (oil alone will be 
15 percent). Similarly, if present trends continue 
in Texas, oil and gas is projected to account for 
35 percent of total generation and about 50 per- 
cent of total capacity over the same time period. 
In both States, high avoided cost rates resulting 
from continued reliance on oil and gas enhances 
the attractiveness of cogeneration, in particular, 
while the favorable tax climate in California en- 
hances the attractiveness of renewable power 
generation projects initiated under PURPA. In 
some States where oil and gas are the dominant 
fuels, especially California, Louisiana, and 
exas, cogeneration may constitute a significant 
fraction of total installed capacity by the end 
of the century. Some utilities in Texas, for exam- 
ple, are already planning for cogeneration con- 
tributions of as much as 30 percent. 

The age of existing power generating facilities 
varies widely among U.S. regions. / w a result, the 
prospects for life extension and plant rehabilita- 
tion vary as well. For example, Texas, the South- 
east, and the States west of the Rockies will have 
the highest percentage increases in plants that 
would be logical candidates for such options be- 
tween now and 1995, i.e., those generating units 
that will have been in operation more than 30 
years. In terms of total installed capacity, the op- 
portunities for life extension will be greatest in 
the Mid-Atlantic, Southeast, Gulf, and Western 
States. Site-specific economics will determine ac- 
tual implementation levels. 

Interregional Bulk Power Transactions 

It appears that existing inte futility and inter- 
regional transmission capabilities are being 
nearly fully utilized in the United Stares. Hence, 
the prospects for large increases in bulk power 
purchases among utilities using existing transmis- 
sion capabilities will be limited. Some regions, 



however, such as portions of the West and Mid- 
west, are continuing to expand generation and 
transmission facilities in anticipation of serving 
the bulk power markets. In addition, major trans- 
mission projects are underway in New York, New 
England, the upper Midwest, and the Pacific 
Northwest to allow these regions to purchase 
lower cost hydroelectric power generated in Can- 
ada rrom existing and proposed facilities. 

Load Management 

OTA has found that the prospects for in- 
creased load management in future utility re- 
source planning vary by region Perhaps more 
importantly, they also vary significantly by utility 
within reliability council regions. Moreover, util- 
ities' objectives for pursuing load management 
vary as well. For example, utilities with very high 
current or anticipated reserve margins (many in 
the Midwest), are interested in load management 
to better use existing base load capacity, i.e., to 
stimulate increased demand in off-peak periods. 
Other utilities with very low current or anticipated 
reserve margins are pursuing load management 
primarily to reduce peak demand and defer the 
need for new capacity additions. Municipal util- 
ities and rural cooperatives, which accounted for 
most of the points controlled by load manage- 
ment in 1983, are expected to continue to pro- 
vide a strong load management market in all re- 
gions through the 1990s. 

Reliability Criteria 

An important indicator of a region's need for 
new generating capacity is reflected in measures 
of projected power system reliability. Such meas- 
ure* include the reserve margin— i.e., amount of 
installed capacity available in excess of the peak 
load, traditionally expressed as a percentage of 
the total installed capacity. Reserve margins, as 
well as other reliability measures, are sensitive 
to demand predictions, scheduled capacity ad- 
ditions and retirements, and other factors such 
as scheduled maintenance and adjustments for 
forced outages or firm power purchases and sales 
from other utilities. 

The anticipated reserve margins over the next 
several decades vary considerably by region. Un- 
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der medium demand growth (2.5 percent aver- 
age annual growth through 1995), reserve mar- 
gins are expected to dip as low as 15 percent (in 
the upper Midwest in the early 1990s) and peak 
as high as 47 percent (in the West in the mid- 
1980s). Under higher demand growth, power 
pools in all regions may fall below acceptable 
reliability levels in the early 1990s. Under low de- 
mand growth (less than 2 percent), reliability 
levels are likely to be adequate in all regions 
through the early 1990s. 

Renewable Resources 

Increased use of solar, wind, and geothermal 
resources in U.S. electric power generation will 
vary regionally due to both the relative cost of 
alternative generation and the availability of high- 



quality renewable rest urces. For example, while 
wind regimes are promising for wind turbines in 
many areas across the country, they are currently 
being developed mostly in California where high 
utility avoided cost and a favorable tax climate 
have encouraged their development in nonutility 
power production applications under PURPA. In 
addition, a State-sponsored wind resource assess- 
ment program has spurred development. A simi- 
lar situation exists for photovoltaics and geother- 
mal power, although geothermal development 
is much more regionally limited to the West. So- 
lar thermal power generation, for the next sev- 
eral decades at least, may be viable only in the 
Southwest and perhaps the Southeast where so- 
lar insolation characteristics may be sufficient to 
make projects competitive and where land avail- 
ability is not a major constraint on development. 



UTILITY AND NONUTILITY INVESTMENT DECISIONS 



Prior to the 1970s, maintaining power system 
r lability was treated as a prescribed constraint 
a:id utilities had little difficulty earning their reg- 
ulated rate of return on investment while achiev- 
ing steady reductions in the cost of electricity I- v 
building larger, less capital-intensive powerplants. 
Hence, utility decisionmaking objectives of main- 
taming service reliability, maximizing corporate 
financial health, and minimizing rates could gen- 
erally be pursued simultaneously. 

Because f the complex and uncertain invest- 
ment decision environment that has evolved 
sii.ce the 1970s, utilities have begun to consider 
offering varying levels of service reliability and 
to more sharply weigh trade-offs between stock- 
holders' and ratepayers' interests in making new 
plant investment decisions. In many instances, 
utilities are avoiding making large-scale plant 
commitments and, indeed, are considering the 
host of options cited earlier that can defer the 
need for such commitments. 



Utility Investment 

Of particular interest to many utilities are the 
potential benefits of increased planning flexi- 
bility and financial performance offered by 



small-scale, short lead-time generating plants. 
For example, OTA modeling studies indicate that 
with uncertain demand growth, the cash flow 
benefits of such plants can be considerable. This 
is true, in some rases, even when the capital cost 
per kilowatt of the smaller plants is as much as 
10 percent more than for large plants, In addi- 
tion, the corresponding revenue requirement un- 
der a small plant scenario can be lower over a 
30-year period. 

Electric utility efforts to exploit these financial 
benefits and nonutility interest in exploiting po- 
tentially attractive investment opportunities un- 
der PURPA have already stimulated considerable 
interest from both types of investors in smaller 
scale generating technologies. Other benefits are 
important as well, including less environmental 
impact, less "rate shock" to consumers by add- 
ing generating units to the rate base in smaller 
increments, increased fuel diversity, and re- 
duced transmission requirements if generating 
units can be sited closer to load centers. 

Most of the generating technologies considered 
in this assessment offer the small-scale modular 
features attractive to many utilities as a means of 
coping with financial and demand uncertainties. 
This is likely to make the long-term prospects of 
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these technologies very bright. Despite this long- 
term promise, however, in most regions for the 
next 10 to 15 years most of the new generating 
technologies are not likely to be competitive 
with other often more cost-effective strategic op- 
tions cited earlier— life extension and rehabili- 
tation of existing generating facilities, increased 
purchases of power from other systems, and in- 
tensified conservation and load management 
efforts. 



Nonutility Investment 

Nonutility interest is likely to continue to be 
limited for the most part to more mature tech- 
nologies that can be implemented in cogenera- 
tion applications or can qualify for favorable tax 



treatment^ e.g., combustion turbines, wind, and 
more recently AFBC. 

Investors in nonutility power projects seek to 
maximize the risk-adjusted return on their in- 
vested capital. Depending on the type of inves- 
tor, other considerations are important as well 
including tax status, timing of the investment, 
cash flow patterns, and maintenance of a bal- 
anced portfolio of investments with varying risk. 
In order to finance a new nonutility project, the 
major risks (technology, resource, energy price, 
and political) must either by mitigated or incor- 
porated in contingency plans. Co nmon risk re- 
duction techniques used to date include vendor 
guarantees (or having the equipment vendor take 
an equity position in the prospective venture) or 
take-or-pay contracts with utilities. 



CURRENT AND FUTURE STATE OF 
ALTERNATIVE TECHNOLOGY INDUSTRY 



Many of the new generating technologies con- 
sidered in this assessment are being developed 
by a much wider range of firms than has tradi- 
tionally dealt with the electric utility industry. 

Moreover, many firms involved in deploying 
some new technologies, to the extent that they 
are being deployed, are small independent firms, 
less than 3 years old. For example, the wind in- 
dustr/s equipment sales have for the most part 
been to third-party financed wind parks selling 
power to utilities under PURPA; many of these 
parks have been developed by the wind manu- 
facturers themselves. Other developers are large 
aerospace, petroleum, or other companies that 
have also not traditionally deait with eiectric util- 
ities, and many of them are only beginning to de- 
velop working business relationships with thern. 

Most of the technologies considered in this 
assessment are in a transition phase of their de- 
velopment, i.e., between pilot- and commer ial- 
scale demonstrations or early commercial units. 
Some of these technologies are progressing 
through this transition aided by the existence of 
auxiliary markets (in many cases foreign) other 
than the grid-connected power generation mar- 
ket. For example, small-scale AFBC technology 



has motured in the industrial marketplace, pri- 
marily in process heat applications. Similarly, 
while the FV technology that will ultimately begin 
to penetrate grid-connectr.d power generation 
ma^Kets is not yet clear, the various candidates 
(flat plate, amorphous silicon, concentrators, etc.) 
arc maturing in other markets such as consumer 
electronics or remote power applications. 

As most of these technologies mature and the 
relationships of vendors and manufacturers with 
utilities and nonutility power producers de- 
velop, the nature of negotiated agreements be- 
tween the parties initiating commercial demon- 
strations or early commercial units may dictate 
the pace of commercial deployment of the tech- 
nologies. In particular, the allocation of risks in 
the form of performance or price guarantees or 
other mechanisms will b* especially important 
for the electric utility market. For example, an 
equipment manufacturer's agreement to hold an 
equity position in early commercial projects 
might be viewed by many utilities as an adequate 
performance guarantee. 

One of the problems facing increased deploy- 
ment of some new generating technologies in the 
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1990s, as mentioned earlier, was that of poten- 
tial delays in lead-times of early commercial 
projects. While the features of smaller scale and 
modular design for many of these technologies 
offer ultimate promise for very short lead-times, 
experience to date indicates that the rate of de- 
ployment of some new generating technologies 
is being lowered because lead-times being ex- 
perienced by early commercial projects have 
been longer than anticipated, partially due to 
the time needed to complete regulatory reviews. 
As regulatory agencies become more familiar 
with the technologies, the time to complete such 
reviews should decrease, although this is by no 
means guaranteed as evidenced by the history 
of other generating technologies. 

The pressures of competition from foreign ven- 
dors, many of whom are heavily supported by 



their governments, as well as the current lack of 
U.S. demand for some of these new technologies 
in grid-connected power generation applications, 
and the pending changes in favorable tax treat- 
ment throw into doubt the continued commit- 
ment of U.S. firms who are currently develop- 
ing these technologies. For some technologies, 
such as wind turbines, solar thermal-electric tech- 
nologies, and photovoltaics (at least those focus- 
ing on concentrator technologies), the survival 
of sone domestic firms may be at stake. Many 
domestic firms may not be able to compete in 
world markets over the next decade. However, 
in some cases foreign markets are considered to 
be interim markets for technologies as they ma- 
ture to the point where they can compete in the 
U.S. grid-connected power generation market. 



FEDERAL POLICY OPTIONS 



Accelerated demand growth, coupled with cur- 
rent problems in building conventional, central 
station powerplants, could lead to serious diffi- 
culty in meeting new demand in the 1990s. As 
a result it may be prudent to ensure the avail- 
ability of an array of new generating technol- 
ogies. Then, the buyers in the market for gener- 
ating technologies will have a broader range of 
technologies from which to choose. To ensure 
this availability will probably require a sustained 
Federal involvement in the commercialization of 
new electric power generating, storage, and load 
management technologies. The most logical goals 
for the Federal initiatives are: 

• reduce capital cost and performance uncer- 
tainty, 

• encourage utility involvement in developing 
technologies, 

• encourage nonutility role in commercializ- 
ing developing technologies, and 

• resolve concerns regarding impact of decen- 
tralized generating sources (and load man 
agement) on power system operation. 

The first three are primary goals while the 
fourth is less critical although still important. The 
relative importance of these goals as well as the 



efforts to achieve them are at the center of the 
debate over future U.S. electricity policy. A range 
of possible initiatives is summarized in table 2-4 
along with the Federal actions that would most 
likely be required to implement them. 

Research, Development, 
and Demonstration 

Perhaps foremost among the options necessary 
to accelerate technology development is a sus- 
tained Federal presence in research, develop- 
ment, and demonstration of new electric gener- 
ating and load management technologies. While 
most of these technologies are no longer in the 
basic research phase, development hurdles are 
still formidable and the importance of research, 
development and demonstration remains high; 
if these hurdles are overcome the result could 
be a quick change in competitive position for 
many of these technologies. For example, proof 
of satisfactory reliability during a commercial 
utility-scale demonstration of AFBC could sub- 
stantially accelerate its deployment among elec- 
tric utilities. As noted, the technology already is 
beginning to be deployed very quickly in smaller 
scale commercial cogeneration applications. 
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Table 2 4 — Policy Goals and Options 



Reduce capital co$t, Improve performance, and resolve 
uncertainty: 

1. Increase Federal support of technology demonstration 

2. Shorten project lead-times and direct R&D to near-term 
commercial potential 

3. Increase assistance to vendors marketing developing 
technologies in foreign countries 

4 Increase resource assessment efforts for renewable 
energy and CAES resources (wind, solar, geothermal, 
and CAES geology) 

5 Improve collection, distribution, and analysis of 
information 

Encourage nonutlllty role In commercializing developing 
technologies 

1 Continue favorable tax policy 

2. Improve nonutility access to transmission capacity 

3. Develop clearly defined and/or preferential avoided 
energy cost calculations under PURPA 

4. Stancjrdize interconnection requirements 

Encourage Increaeed utility Involvement In developing 
technologies. 

1. Increase util"y and public utility commission support 
of research, development, and demonstration activities 

2. Promote «nvolvement of utility subsidiaries in new 
technology development 

3 Resolve siting and permitting questions for developing 
technologies 

4 Other legislative initiatives: PIFUA, PURPA, and 
deregulation 

Resolve concerns regarding Impact of decentralized 
generating sources on power system operation: 

1 Increase research on impacts at varying levels of 
penetration 

2 Improve procedures for incorporating nonutMity 
generation and load management in economic 
dispatch strategies and system planning 

SOURCE Office of Technology Assessment 

A critical milestone in utility or nonutility 
power producer acceptance of new technology 
is completion of a successful commercial dem- 
onstration program. The utility decisionmaking 
caution cited earlier confers added importance 
to advanced commercial demonstration proj- 
ects. While there is considerable debate in the 
industry over what constitutes an adequate dem- 
onstration, two basic categories are often distin- 
guished: One is a proof-of-concept phase which 
provides the basic operational data for commer- 
cial designs as well as test facilities designed to 
prove the viability of the technology under non- 
laboratory conditions and to reduce cost and per- 
formance uncertainties. The other involves mul- 
tiple applications of a more or less mature 
technology designed to stimulate commercial 
adoption of the technology. Generally, activities 
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in the first category are necessary for demonstrat- 
ing commercial viability and activities in the sec- 
ond category are necessary for accelerating com- 
mercialization. 

The length of the appropriate demonstration 
period will vary considerably by technology. 
However, adequate demonstration periods (per- 
haps many years for larger scale technologies) are 
crucial to promoting investor confidence. More- 
over, the nature of the demonstration program 
— i.e., who is participating, who is responsible 
for managing it and the applicability of the pro- 
gram to a wide variety of utility circumstances 
—is of equal importance. Among the most suc- 
cessful demonstration ventures have been and 
are likely to continue to be cooperative ventures 
between industry (manufacturers and either util- 
ities or nonutility power producers) and the Fed- 
eral Government, with significant capital invest- 
ments from all participants in the venture. The 
current AFBC, IGCC, and geothermal demonstra- 
tions are good examples. In particular, for larger 
scale technologies in utility applications, coop- 
erative industry-government demonstration ef- 
forts, managed by the utilities, have a good track 
record. For accelerated deployment, similar 
projects would be required for fuel cells, CAES, 
advanced battery technologies, and central re- 
ceiver solar thermal powerplants. 

The relationship between utilities and public 
utility commissions in early commercial applica- 
tions of new generating and load management 
technologies is an important factor that will af- 
fect the deployment of these technologies in the 
1990s. In particular increased research, devel- 
opment, and demonstration activity will require 
utilities and utility commissions to agree on 
appropriate mechanisms for supporting such 
activities. Direct support alone from the rate base 
for research activities (e.g., as the allowance for 
contributions to the Electric Power Research In- 
stitute) may be desirable and important, but they 
are not sufficient to assure extensive deployment 
of these technologies by the 1990s. Much larger 
commitments that involve large capital invest- 
ments such as major demonstration facilities 
may only be justified by a sharing of the risk be- 
tween ratepayers, stockholders and, if other util- 
ities would benefit substantially, taxpayers. One 
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mechanism for supporting such projects is to fi- 
nance a portion of a proposed project with an 
equity contribution from the utility and the rest 
through a "ratepayer loan" granted by the pub- 
lic utility commission. The public utility commis- 
sion might argue that a candidate demonstration 
project is too risky for the ratepayer to be sub- 
sidizing it, particularly if other utilities could ben- 
efit substantially from the outcome if successful 
and are not contributing to the demonstration, 
i.e., sharing in the risk. In such cases, there could 
be a Federal role; for example, the ratepayer con- 
tribution to the demonstration could be under- 
written by a Federal loan guarantee. 

Other Policy Actions 

In addition to maintaining a continued pres- 
ence in research, development, and demonstra- 
tion and implementing environmental policv 
affecting power generation, several other Fer- 
eral policy decisions affecting electric utilities 
could influence the rate of commercial devel- 
opment of new generating technologies over the 
next several years. These include removal of the 
Powerplant and Industrial Fuel Use Act (PIFUA) 
restrictions on the use of natural gas, and mak- 
ing PURPA Section 210 benefits available to 
electric utilities. These steps could increase the 
rate of deployment of developing generating 
technologies, but their other effects will have to 
be carefully reviewed before and during imple- 
mentation. 

A more liberal power generation exemptions 
policy under PIFUA or an outright repeal of the 
Act could, in addition to providing more short- 
term fuel flexibility for many utilities, be an im- 
portant step toward accelerated deployment of 
"clean coal" technologies such as the IGCC 
which can use natural gas as an interim fuel. 
Some new technologies such as CAES and sev- 
eral solar thermal technologies use natural gas 
as an auxiliary fuel and would require exemption 
from PIFUA. 

Perm' ting utilities to participate more fully 
in the PURPA Section 210 benefits of receiving 
avoided cost in small power production is likely 
to result in increased deployment of small mod- 
ular power generating technologies, particularly 



cogeneration. For example, utilities are currently 
limited to less than 50 percent participation in 
PURPA qualifying cogeneration facilities. In ad- 
dition, with full utility participation in PURPA, 
ratepayers likely would share more directly in any 
cost savings resulting from these kinds of gener- 
ating technologies. Allowance of full PURPA ben- 
efits for utilities, however, could cause avoided 
costs to be set by the cost of power from the co- 
generation unit or alternative generation technol- 
ogy. Such avoided costs would likely be lower 
tnan if they were determined by conventional 
generating technologies as now is.the case. Lower 
avoided costs would reduce the number of co- 
generation and alternative technology power 
projects started by nonutility investors. Expanded 
utility involvement, though, may more than com- 
pensate for this decrease. 

In relaxing the PURPA limitation potential prob- 
lems require attention, including ensuring that 
utilities do not show preference for utility-initiated 
projects in such areas as access to transmission 
or capacity payments. Moreover, prefect ac- 
counting for PURPA-qualifying projects would 
probably need to be segregated from utility oper- 
ations and non-PURPA qualifying projects in or- 
der to prevent crosb-subsidization which would 
make utility-initiated projects appear more prof- 
itable at the ratepayers' expense. These concerns 
can be allayed through carefully drafted legisla- 
tion or regulations, or through careful State re- 
view of utility ownership schemes. 

Finally, as perhaps a logical next step to PURPA, 
a number of proposals for deregulation of the 
electric power business have been proposed in 
recent years, ranging from deregulation of bulk 
power transfers among utilities, to deregulation 
of generation, to complete deregulation of the 
industry. While OTA has not examined the im- 
plications of alternative deregulation proposals, 
such proposals, if enacted, would almost certainly 
have an impact on new generation technologies. 
The experiences of PURPA and the Southwest 
Bulk Power Transaction Deregulation Experiment 
will be important barometers for assessing the fu- 
ture prospects and desirability of deregulating 
U.S. electric power generation. It is important to 
note that allowance of full PURPA benefits for util- 
ities would be a significant step toward aeregu- 
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lation of electric power generation, at least for 
smaller generating units. 

Renewable Energy Tax Credits 

Along with direct support for research and de- 
velopment and joint venture demonstration 
projects, an important component of the Federal 
program for new generating technology commer- 
cialization has been favorable tax treatment 
through such mechanisms as the Renewable 
Energy Tax Credits (RTCs), the Investment Tax 
Credit (ITC), and ACRS depreciation allowances. 
The RTC, in particular, coupled with recovery 
of full utility avoided costs (under PURPA) by 
nonutility power producers have been crucicl 
in the initial commercial development and de- 
ployment of wind and solar power generating 
technologies. With declining direct Federal sup- 
port for renewable technology development, the 
RTC has supported development of advanced 
and innovative designs as well as commercial 
deployment of mature designs. Without con- 
tinued favorable tax treatment, deployment of 
solar, wind and geothermal technologies is likely 
to be slowed significantly— certainly in nonutil- 
ity applications. Without existing tax incentives, 
many of the mostly small firms involved in de- 
velopment projects will lose access to existing 
sources of capital. Even large, adequately capital- 
ized firms may lose their distribution networks, 
making industry growth more difficult. 

With favorable tax treatment, some new tech- 
nologies, such as geothermal and wind, have be- 
come important sources of new and replacement 
generating capacity in the West and Southwest. 
However, they must compete with more mature, 
modular technologies, e g., conventional cogen- 
eration technologies. And these modular tech- 
nologies will continue to account for an impor- 
tant share of the new generating capacity, in the 
form of both utility and nonutility owned (and 
perhaps joint) ventures. 

Figure 2-1 shows the cumulative effect of tax 
benefits, including accelerated depreciation al- 
lowances (ACRS), ITCs, and RTCs on the real in- 
ternal rate of return for technologies considered 



in this assessment under the condition of non- 
utility ownership. (IGCC is not included in this 
figure since it is unlikely to be developed in non- 
utility power projects.) The figure shows that the 
RTC may be crucial to the commercial survival 
of the renewable technologies with the possi- 
ble exception of wind which may be mature 
enough to survive without these credits* The 
number of firms involved in wind technology 
development however, would probably de- 
crease markedly without these credits. 

The role of the RTC in accelerating commer- 
cial development seems to have changed. The 
original Federal policy was to provide direct re- 
search support to develop the technology and the 
RTC to accelerate commercial deployment. With 
decreased Federal research and development 
support, the RTC appears to be supporting re- 
search and development in the field; this might 
partially explain the wide variation in perform- 
ance of wind projects in recent years. 

A frequently proposed alternative to the RTC, 
in order to ensure performance of projects claim- 
ing a credit, is a Production Tax Credit (PTC) 
which provides benefits only with electricity pro- 
duction. OTA analysis of the PTC shows that geo- 
thermal and wind technologies benefit most from 
a PTC. Others such as CAES and the direct so- 
lar technologies are aided only by a very large 
PTC* Similarly, tax benefits tied to production 
discourages producers from testing innova !ve 
designs since, if the design does not pr orm as 
expected, no benefits will be realized. Another 
potential problem with the PTC is that monitor- 
ing electricity production may be difficult, par- 
ticularly in applications that are not grid con- 
nected. 

Other actions cited earlier for stimulating de- 
velopment in new technology within electric util- 
ities may be more effective than tax preferences. 
For example, the decrease in the levelized per 
kilowatt-hour busbar cost for the renewable tech- 
nologies considered in this assessment, with a 15 
percent tax credit over and above the existing tax 
benefits currently afforded to utilities, is less than 
10 percent for all cases. 
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INTRODUCTION 



Overview 

In the early 1970s, the U.S. electric power in- 
dustry entered a new era. Long a stable force in 
the U.S. economy, the industry as a whole 
emerged in the 1 980s under considerable financial 
stress and uncertainty, precipitated by skyrocket- 
ing fuel prices, escalating capital and construc- 
tion costs, and a declining and erratic demand 
growth. 

Even as utilities recovered from the shocks of 
the 1970s, it was clear that they would not re- 
turn to business as usual, circa 1960s. The highly 
uncertain decision environment has forced util- 
ities to reexamine their traditional business strat- 
egies as they look to the 1990s and beyond. In- 
deed, the basic procedures traditionally used by 
utilities in making future investment decisions 



have, in many cases, been drastically changed 
by the utilities themselves as well as by security 
analysts, investors, regulators, and ratepayers. 

In this chapter we examine the strategic options 
being considered by utilities over the next two 
decades and, in particular, focus on the circum- 
stances under which investment in new gener- 
ating technologies might play a significant role 
for electric utilities through this period, compared 
with other strategic options. These other options 
include continued reliance on conventional sup- 
ply sources, life extension and repowering of ex- 
isting plants, increased purchases of power from 
neighboring utilities, or diversification to other 
nonutility lines of business (see figure 3-1). In ad- 
dition, we review the arguments for and against 
the use of alternative technologies under differ- 
ent planning scenarios. 



Figure 3-1.— Utility investment Alternatives 
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The extent to which new generating technol- 
ogies might play a role in electric utilities in the 
1990s depends on how favorably such technol- 
ogies compare with capital investments in con- 
ventional generation alternatives. It also depends 
on the managerial skills and financial resources 
of individual utilities. The role of nonutility pro- 
ducers of electricity is discussed later. 

A number of 1 982 surveys 1 suggested that util- 
ities are not very interested in investing in new 
generating technologies. A variety of contingen- 
cies—such as persistent cost-control problems 
with large, central-station coal or nuclear plants 
now under construction or increased environ- 
mental control requirements, e.g., to reduce acid 
rain— however, are beginning to make such 
investments look much more appealing to utili- 
ties in the 1990s. 

Currently, much of the investment in new elec- 
tric generating technologies in the United States 
is not being undertaken by utilities at all, but by 
nonutility owners generating power under the 
provisions of the Public Utility Regulatory Policies 
Act of 1 978 (PURPA) (see box 3A). To date, much 
of this investment has gone into cogeneration. 
In some utility service areas, e.g., in California, 
the rate of growth of new generating technologies 
is steadily increasing (see figure 3-2). 2 Hence, the 
degree to which nonutility investment in new 
generating technologies (and load management) 
affects the total generation mix is also an impor- 
tant ingredient in the future of the U.S. electric 
power system. 

The ultimate penetration of new technologies 
over the next two decades in many regions may 
well hinge on the relationship which evolves be- 
tween utilities and nonutility owners. It will 
depend on the stringency of the utilities' inter- 
connection requirements and on the rates the 



'"Plans and Perspectives The Industry's View/'FP/?/ Journal, Oc- 
tober 1983, Douglas Cogan and Susan Williams, Generating Energy 
Alternatives Conservation, Load Management, and Renewable 
Energy at America's Electric Utilities (Washington, DC Investor 
Responsibility Research Center, Inc , 1983); A Review of Energy 
Supply Decision Issues in the U S Electric Utility Industry (Wash- 
ington, DC Theodore Barry & Associates, September 1982) 

2 This rate of growth has been so fast in California that the State 
declared a temporary moratorium on cogeneration projects in late 
1984, the figure shows both utility and nonutility involvement in 
alternative technology projects 



nonutility electricity producers receive for their 
electricity from the utilities. At present, these re- 
quirements and rates vary greatly across the 
United States (see chapter 7). 
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Figure 3-2.— Alternative Power Generation in California (utility and nonutillty owned capacity) 
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Historical Context 

Overview 

The basic framework for planning, forecasting, 
and analysis used today by the electric power in- 
dustry in the United States is primarily the result 
of an industry-government relationship that has 
evolved since the earliest days of the industry. 3 
The Federal Power Act of 1935 standardized the 



J ln these early days power systems of two basic designs were 
evolving simultaneously, namely the DC power system advocated 
initially by Thomas Edison and the AC network initiated by George 
Westinghouse Indeed, in these early days some major cities main- 
tained two independent parallel distribution systems, sometimes 
even strung on the same utility poles. The AC system eventually 
prevailed, of course, largely due to the u>e of transformers which 
permitted stepping up transmission voltages for higher efficiency 
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operating characteristics in the industry. Perhaps 
the most important feature of this legislation was 
not so much its guidelines for standardization, 
but more its general mandate for the industry: 

Provide an abundant supply of electric power 
with the greatest possible economy and with re- 
gard to proper utilization and conservation of 
natural resources. 

In practice, this mandate was interpreted as re- 
quiring the provision of power at any time of day 
and in any quantity demanded. 4 As a result, the 

and stepping down distribution voltages for safer and easier use; 
see P. Sporn, Vistas in Electric Power (New York: McCraw Hill, 
1966). 

4 This mandate is not the rule in many foreign countries which 
has led to quite a different history of electric power production in 
these countries. 
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primary objective of electric utility operations in 
the United States is to meet the collective demand 
presented by all of its customers. The Federal 
Power Act required that this demand be met in 
an economically efficient manner both in dis- 
patching generators to meet the daily load as well 
as in developing plans for new construction. 

Until the la, 1960s, electric utilities had been 
able to reliably and economically plan additions 
to their installed generating capacity to meet fu- 
ture demand while retiring aging plants. Until that 
time, demand growth forecasts had been reason- 
ably accurate, powerplant construction lead 
times had been reasonably predictable, and con- 
struction as well as fuel cost changes had been 
small. Construction costs (per kilowatt installed) 
in fact d°cline as powerplants are scaled up in 
size. Elec iic utilities were viewed as sound in- 
vestment opportunities by the capital markets. 
Thus, capital was available at relatively low cost. 

Since the late 1960s, however, several factors 
have combined to create problems for the elec- 
tric utilities. Both their financial performance and 
ability *o make systci planning decisions using 
the planning tools of the past have deteriorated 
as a result. Among these factors (discussed in 
more detail in the next section) are: 1) the grow- 
ing difficulty of making demand forecasts— the 
industry as well as nearly all interested parties 
consistently underestimated the potential for con- 
servation, i.e., the price elasticity cf demand; 2) 
the dramatic increase in environmental protec- 
tion costs result'ng from the public's growing con- 
cern over the e r onmental effects of electric 
power production, especially air pollution from 
coal; 3) the unprecedented and escalating cost 
of new powerplants, especially nuclear power- 
plant construction due to unexpected delays, in- 
flated capital costs, stricter safety standards (espe- 
cially after Three Mile Island), unpredictable 
regulation, and uneven project management; and 
4) high as well as uncertain fuel prices and sup- 
plies The legacy of this traumatic period has been 
an industry in which both investors and utility 
managers are acutely aware of the industry's fi- 
nancial fragility and uncertain demand outlook 
and are therefore more cautious about commit- 
ting their capital to large new coa! and nuclear 
plants. 



The prognosis for the power industry is uncer- 
tain. While u is possible that demand growth rates 
may increase once again over the next decade, 
it aiso possible that changing industry fuel 
choices, saturation of electricity use in buildings, 
and improved efficiency of electricity use in all 
sectors of tlv* economy as well as other conser- 
vation measures may moderate demand growth 
to less than 2 percent per year. Most current esti- 
mates range from 1.5 to 5 percent per year (see 
figure 3-3). The issue of uncertainty in demand 
growth is discussed in more detail in a previous 
OTA assessment. 5 

In the following, the impact these interrelated 
financial, regulatory (including environmental), 
and cost escalation stresses have had on the deci- 
sionmaking environment in the electricity indus- 
try are sketched in more detail. 

Increasing Fuel Prices and 
Supply Uncertainty 

Figure 3-4 shows the national average fossil fuel 
prices paid by electric utilities in the United States 
over the last decade; weighted average fossil fuel 
prices more than tripled between 1970 and 1980. 
Those utilities relying on significant levels of oil 
and natural gas (principally the East and South- 
west— s^e figures 3-5 and 3-6) are shifting their 
generation mix to more capital-intensive nuclear 
and coal generation due to the uncertain future 
costs and supply of oil and natural gas. The re- 
cent stabilizing of oil and natural gas prices and 
excess supply of natural gas has only added to 
the uncertainty about future supply and prices. 6 
(The regional variations in generation mix, fuels 
and other factors arp discussed in chapter 7.) 

Increasing Powerplant 
Construction Costs 

Increased attention to environment and safety 
issues over the last decade has contributed to 
both extended lead times in the siting, permit- 



J U S. Congress, Office of Technology Assessmen' Nuclear Power 
in an Age of Uncertainty (Washington, DC: U.S Government Print- 
ing Office, February 1984), >TA-E-216, ch. 3 

*See U.S. Congress, Office of Technology Assessment, U.S. Nat- 
ural Gas Availability. Gas Supply Through the Year 20C^ (Wash- 
ington, DC* U.S. Government Printing Office, February 1985), 
OTA-E-245 
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Figure 3 3.— Projections of U.S. Electric Load Growth 
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Figure 3-4.— National Average Fossil Fuel Prices 
Paid by Electric Utilities" 
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ting, and construction process of new power- 
plants as well as to rapidly rising per kilowatt costs 
of these plants, particularly coal and nuclear 
plants as shown in figure 3-7. 

Increased Financing Costs 

Since the electric utility business is the most 
capital-intensive in the American economy (see 
figure 3-8), its financing costs are particularly sen- 
sitive to inflation. Inflation has become an impor- 
tant parameter in the cost of plant construction 
as a consequence the large size and long lead- 
times of new coal and nuclear plants. 

Long-term debt, available at around 6 percent 
in the 1960s, more than doubled in cost by 1980. 7 

7 An investor-owned electric utility today requires about $2.86 of 
investment per dollar of annual revenue compared with a dollar 
or less of investment per dollar of revenue for manufacturing in- 
dustries, the electric utility industry (investor-owned) in the United 



Equity capital for investor-owned utilities also be- 
came more costly; with earnings falling relative 
to cost, a utility must issue s*ock to maintain 
prescribed debt-equity ratios in order to continue 
borrowing. With lower earnings, however, new 
stock issues have diluted the value of existing 
shares to the point where, in 1983, almost half 
of the hundred largest utility stocks traded at be- 
low book value. This situation has improved sub- 
stantially since early 1983 (see figure 3-9) and in 
early 1 985 many utility sto:;ks are once again trad- 
ing above book value. 8 

Decreased Demand Growth 

With dramatically increased costs in the elec- 
tric utility business over the last decade, particu- 
larly in financing and fuel, in the mid-1970s many 
utilities for the f\rA time in many years sought 
higher rates. Utility commissions generally 
granted relief (see table 3-1), however, ihe re- 
sponse of consumers was swift but unprecedented. 9 
Demand growth dropped dramatically in the 
1970s to less that 2 percent (see figure 3-10), al- 
though there were wide variations in this trend 
throughout the United States (see chapter 7). The 
price elasticity of demand was underestimated 
by many utilities and these utilities were often un- 
willing or unable to revise their construction plans 
made in the late 1960s and early 1970s. The re- 
sult was decreased net revenues and excess gen- 
erating capacity for most utilities, further erod- 
ing their financial performance (the reserve 
margin for electric utilities rose from about 20 per- 
cent in the early 1970s to over 30 percent in late 
1970s, and to 35 percent in 1984). 

Effect of Eroded Financial Performance 

The decrease in electric utility earnings per 
share relative to other industries in the 1970s was 

Stages accounts for one-tenth of all new in 4 «istnal construction in 
the country, a third of all corporate financing, ?nd almost half of 
all new common stock issuances among industrial corporations; 
see S Fenn, America s Electric Utilities. Under Siege and in Tran- 
sition (Nev, York Praeger Publishers, 1984). 

The market-to-book raiio (used in figure 3-9) can, however, some- 
times be a misleading indicator, see M. Foley, "Electric Utility 
Financing, Let's Ease Off the Panic Button," Public Utilities Fort- 
nightly, vol "1 No. 1, Jan. 6, 1983, pp. 21-29 

♦Even though th* real costs of electricity compared to oil and 
gas, for example, did not increase substantially, the changes in de- 
mand growth were just as dramatic. 



9 

ERIC 



57 



Ch. 3— Electric Utilities in the 1990s: Planning for an Uncertain Future • 47 




Figure 3 6.- U.S. Generation Mix by Installed Capacity and Electricity Qenrratlcr. 
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Figure 3-7.— Electric Powerplant Cost Escalation, 1971-84 




Key. 

□ 



Nuclear vrth real AFUDC 



Nuclear 



Coal with real AFUDC 



Coal 



SOURCE Chanea Komanof f , Power Pient Cost Esceletion (New York Komenoff Energy Associetee, 1981), end Cherlee Komsnoff , "Assessing the High Costs of New 
Nuclear Power Plents." Public Utilities Fortnightly, vol 114, No 8, Oct 11, 1964, construction coete do not include reel AFUDC. I e . they ere based on ectuel 
construction times and real (net -of inflation) interest retee 



a decrease in quality as well as quantity. In par- 
ticular, since most utility commissions do not per- 
mit a return on any investment costs from a pow- 
erplant until it actually is in service, most utilities 
are permitted only to account for construction 
costs as an "Allowance for Funds Used During 
Construction"(AFUDC) and apply them to the 
rate base when the facility is placed in "used and 
useful" service. Hence, AFUDC earnings appear 
as part of a utility's stated earnings but, of course, 
they are not current revenues at all, only paper 
earnings. As a result, the higher the fraction of 
total earnings attributed to AFUDC, the lower the 
quality of those earnings. More recently, the prac- 
tice of allowing some of the costs associated with 
"Construction Work in Progress" (CWIP) to be 
applied to the utility rate base prior to comple- 



tion has been permitted by some utility commis- 
sions. The issue of albwing CWIP in the rate base 
is discussed in more detail in chapter 10. Today, 
over a half of the total earnings nationally by 
investor-owned utilities is AFUDC (see figures 3- 
11 and 3-12). 

The general deterioration of financial perform- 
ance of utilities has strained stockholder confi- 
dence. Indeed, in an effort to maintain this con- 
fidence many utilities have actually borrowed at 
short-term high interest rates to pay out dividends 
to shareholders. 10 Likewise, the consistently high 

,0 Perhaps a milestone in recent utility history was Consolidated 
Edison's missed dividend payment in 1974 (see Foley, op. crt., 1963); 
more recently missed dividends by Public Service of New Hamp- 
shire, Consumers Power, and Long Island Lighting Co. are signal- 
ing concern to investors. 
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3-13). Again, these ratings have increased since 
1983, but remain below the 1960s' levels. And, 
it did not go unnoticed by investors that the 
largest municipal bond default in American his- 
tory occurred within the electric power industry 
in 1 983, when the consortium of utilities known 
as (he Washington Public Supply System de- 
faulted on $2.25 biilion of bonds on two nuclear 
powerplants. Many of the important financial in- 
dicators are summarized in table 3-2. 

Financial Impacts of the 
Nuclear Experience 

Beginning in 1983, the difference in financial 
performance between utilities involved in nuclear 
construction programs and those who are not has 
became particularly apparent. It is reflected, for 
example, in stock price— see figure 3-14. Since 
early 1983, the market-to-book ratio for the in- 
dustry as a whole has risen substantially, but util- 
ities involved in major nuclear projects have 
lagged behind. For nearly half of the industry cur- 
rently involved in nuclear construction programs, 
the status of these projects and the economic reg- 



Figure 3-9. -Electric Utility Market to Book Ratios, 1962-64 




Figure 3-8.— Cap:*4l Intensity of Electric 
Utilities, ,«<>2 
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SOURCE Bureau of the Census, U S. Department of Commerce, "Quarterly Fi- 
nancial Report for Manufacturing, Mining and Trade Corporations " 4th 
quarter, 1962 

average utility bond ratings (AAA or Aaa) in the 
1950s and 1960s fell to an average of A and be- 
low in the 1970s and to in the 1980s (see figure 
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Table 3-1 .-Electric Utility Rate Applications and Approvals, 197044 (minions of dollars) 



Year 


Number of rate 
increases filed 


Amounts 
requested 


Amounts 
approved 


Percent 
approved 


1Q70 


80 


$ 797 


$533 


33.1 


1Q71 

lof 1 ♦ 


113 


S 1 368 


$626 


39.6 


1972 






$853 


29.2 


1Q7T 


139 


S 2 125 


$1 089 


48.8 




212 


% A 555 


$2,229 


51.1 


1975 


191 


$ 3,973 


$3|094 


22.1 


1976 


169 


$ 3,747 


$2,275 


39.3 


1977 


. . . 162 


$ 3,953 


$2,311 


41.5 


1978 


154 


$ 4,494 


$2,419 


46.2 


1979 


178 


$ 5,736 


$2,853 


50.3 


1960 


254 


510,871 


$5,932 


45.4 


1981 


237 


$11,902 


$8,341 


29.9 


1982 


234* 


$11,023 


$7,629 


30.8 


1983 


185 


$12,783 


$5,370 


58.0 


984 


61 b 


$ 4,900 


$2,267 


53.7 



•Also Includes two rate decrease* 
bThrouflh June 30, 1W4 



SOURCE Edlaon Electric Inatltute (EEI), Sftfatfcml Y**rt>ook of the Electric Utility industry/ 1963 (Waahington, DC EEI, De- 
cember 1064) 
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Figure 3-11.— CWIP As a Percentage of Total Investment 
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a Net income available for common stock 

SOURCE Edison Electric Institute (EEl). Stsnstictl Yearbook ol the Bfctric 

ulatory response to cost o/erruns, plant abandon- 
ments, and excess capacity if the plants are com- 
pleted, will weigh heavily on these utilities' 
financial performance over the next decade. De- 
spite the fact that some utilities have demon- 
strated that the difficulties with nuclear technol- 
ogy are not insi 1 mountable, 11 OTA concluded 
last year that: 

Without significant changes in the technol- 
ogy, management, and the level of public ac- 

n The 85 nuclear plants operating in the United States today gen- 
erally have an economical and reliable operating history, this is rein- 
forced by tne 227 nuclear plants now operating in foreign coun- 
tries (a total of 531 plants are now operating, on order or under 
construction worldwide), see E Meyer, et al., "Financial Squeeze 
on Utilities Who Really Pays," Public Utilities Fortnightly, vol 1 14, 
No 12, De< 6, 1984, pp 11-35 



ceptance, nuclear power in the United States is 
unlikely to be expanded in this century beyond 
the reactors already under construction. 12 

Moreover, if utility commissions consider gener- 
ating reserve margins excessive, they may not in- 
clude all or part of expenditures in the rate base 
for some plants currently under construction. 

The consequences of economic regulatory 
treatment of such plants could range from utility 
bankruptcies to large rate increases, often re- 
ferred to as "rate shock" for customers. Such de- 
cisions will bring the issue of the ratepayers' versus 
stockholders' interests into sharp focus over the 
next decade; indeed many alternative proposals 



1 'OTA, Nuclear Power in an Age of Uncertainty, op. cit , 1984. 
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Figure 313. -Electric Utility Bond Ratings, 
1975-84 
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SOURCE Salomon Brothers, Inc. Etocfr/c Utility Quality Mtasi/wnfnfs— 
Qumrfrty R0vl0w, New YorK, Jan 3, 1964, and Electric Utility 
Monthly, Mar 1, 1965 



for bringing large plants into the utility rate base 
are currently under intense debate. 13 Such issues 
are discussed in more depth later. 



'See, for example, National Science Foundation, Division of Pol- 
icy Research and Analysis, "Workshop on Alternative Electric Power 
Plant Financing and Cost Recovery Methods," Washington, DC 
May 7, 1984 



And finally, management of nuclear power- 
plant construction projects in the utility industry 
has been very uneven. Problems have occurred 
in all phases of nuclear construction programs 
from project design through quality control and 
cost control. 14 

Summary 

The current state of affairs in the electric util- 
ity industry is one of considerable uncertainty 
over future demand growth, powerplant costs, 
and cost of capital. As a result, few utilities are 
willing to increase their investment risk and many 
have canceled or at least deferred large-scale, 
long lead-time construction programs. And inter- 
est by the industry in alternatives to the traditional 
strategy of building conventional large-scale gen- 
eration plants is growing. In particular, these alter- 
natives include intensified load management and 
conservation (either through direct load control 
or indirectly through the rate structure); rehabili- 
tation of existing generating plant; and increased 
interconnection with neighboring utilities. 
Another alternative being considered is construc- 
tion of smaller, and possibly decentralized, gen- 
eration facilities that permit more flexible track- 
ing of demand growth and reduced exposure to 
inflation and capital market fluctuations; more- 



14 See, for example, James Cook, "Nuclear Follies," Forbes, vol. 
135, No 3, Feb 11, 1985, pp 82-100; and OTA, Nuclear Power 
in an Age of Uncertainty, op cit., 1984 



Table 3-2.— Financial Condition of Electric Utilities, 1952-84 



rh^iari^ Golden age' "Transition" "Hard times" "Recovery' 

Characteristic 1952-66 1966-73 1973-75 1960 

Ratio of Internally generated funds to capital " 

expenditures 0.8 0.5 0.3 0 42 

Interest coverage ratio (pretax) >50 30 2 4 an 

Interest rate (%) <46 ^ it " 

Inflation rate <•/•) 125 45 so 3 5 

Common gtock price (% of book value) 250 150 95 73 

Construction activity initiated Average Heavy Cutbacks Increased 

PlATtrJr ratM ~ Cutbacks 

eiecinc rates Decreasing Steadily Accelerating Increasing 

Average return on equity (%): increasing 

Including AFUDC 13 12 1W 

Excluding AFUDC 12 9 ) 2 " J 

SOURCES Rand Corp £ fc(hc Utility Dtcfion Making mxi th* Nucl—r Option (Santa Monica, CA fend Corp 1077) Edlton Electric mamuta /»» 



"Present" 
1964 



0.42 
3.38 

10.79 
3.5 

95 

Very 

little 

Still 
Increasing 

13.9 
7.35 



Sttfrticl Y—r- 
Basic Analytic," 
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Figure 3-14.— Stock-Price Performance of Nuclear 
and Nonnuclear Utilities 




1983 1984 

SOURCE Salomon Brothers. Inc , The Outlook tor Electric Utilities in 1965," 
Electric Utilities Stock Research, New York, Jan 7, 1985, p 4 

over, the smaller facilities enter the rale base 
more quickly. Also, utilities are increasingly in- 
terested in the potential contribution of new gen- 
erating technologies which use both conventional 
and renewable energy resources. The question 
is how utilities will incorporate the characteris- 
tics of these new technologies into both their 
planning and operations, because they are gen- 
erally quite different from those of conventional 
generating alternatives. In addition, nonutility 
owners are likely to play an increasingly crucial 
role in the application of these technologies. 



The next section reviews the traditional deci- 
sionmaking process in the electric utility indus- 
try and the forces that are changing that proc- 
ess. Of particular importance to the industry over 
the next two decades will be the ability of any 
given utility's management to answer the follow- 
ing questions: 

• Are the benefits of ;maller scale, shorter lead- 
time plants— their lower financial risk, short- 
term financial sustainability, and greater flex- 
ibility in filling unpredicted demand— com- 
pelling enough to consider them more care- 
fully as an alternative to conventional 
large-scale, long lead-time plants? 

• If the benefits of smaller, shorter lead-time 
plants are considered sufficient along with 
other benefits such as increased efficiency 
or reduced emissions, what conventional 
small-scale alternatives and what unconven- 
tional new technologies will be considered? 
To what degree will use of conventional 
alternatives preclude significant use of new 
technologies? 

• ff unconventional new technologies are per- 
ceived as potentially important in a utility's 
future resource plan, what institutional 
changes might be necessary to accommo- 
date these technologies? Will nonutility 
ownership be encouraged? How? 



INVESTMENT DECISIONS BY ELECTRIC UTILITIES: 
OBJECTIVES AND TRADE-OFFS 



Introduction 

In the most general terms, the principal objec- 
tives of utility decisionmakers are to: 1) ensure 
that system reliability is maintained, 2) minimize 
their ratepayers' burden overtime, and 3) main- 
tain the financial health of their companies. Any 
decision analysis of investments must address 
these objectives. Of increasing importance, par- 
ticularly in evaluating the potential for new tech- 
nologies, is the degree of uncertainty affecting the 
company's future demand, cost of service, and 
performance. Accounting for this uncertainty is 
becoming a much more important component 
in the decisionmaking process of most utilities. 



Investment Decision Objectives 
Maintaining System Reliability 

The first objective— maintaining system relia- 
bility — is often evaluated in terms of Loss of Load 
Probability (LOLP). 15 A prescribed level of LOLP 
is traditionally imposed on the utility's system 
planning function as a fixed constraint, e.g., one 
day in ten years the utility will be unable to meet 
its entire load. System planners then statistically 



' 'Other measures are reported in General Electric Co., Reliabil- 
ity Indices for Power Systems, final report prepared for Electric 
Powe; research Institute (EPRI) (Palo Alto, CA. EPRI, March 1981), 
EM 773, RP1353-1 
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analyze peak demand predictions, at full as well 
as partial outage estimates of their generation and 
major transmission facilities, in order to project 
reserve margins required to meet the LOLP con- 
straint. 

The critical uncertainties in this reliability anal- 
ysis include: 1 ) the annual peak demand forecast, 
2) scheduled and forced outage occurrences of 
needed generating units, 3) the power output of 
needed generating units, 4) the on-line dates of 
any new generating capacity that may be planned 
for the period in question, and 5) the availability 
of purchased power. Other factors such as load 
management or conservation efforts and dis- 
persed sources of generation, e.g., cogeneration, 
add an additional element of uncertainty to the 
utility's reliability analysis. (See chapter 6.) This 
is because there is uncertainty regarding the ex- 
tent to which conservation will moderate elec- 
tricity demand and load management will alter 
demand patterns. Further, there is uncertainty 
about the market penetration that will be 
achieved by load management devices and by 
dispersed sources of generation. There is also un- 
certainty about their reliability. 

In recent years, the traditional treatment of 
reliability as a fixed constraint— the prescribed 
LOLP level described earlier— is being called into 
question. In particular, the tradeoff between total 
cost and quality of service is becoming an increas- 
ing concern. 16 The argument being advanced is 
that electricity should be treated more as a com- 
modity in a segmented market (different customer 
classes), one aspect of which is quality of serv- 
ice which should be reflected in the commodity 
price. The current debate, therefore, centers 
around whether electricity should be available 
at a uniformly high level of reliability or at increas- 
ing degrees of reliability for increasing price 
levels. 

Minimizing Electricity Rates 

The second objective of utility decisionmakers 
is to minimize their electricity rates. They must 
show their efforts to achieve this objective in their 



,fr For example, see M Telson, "The Economics of Reliability for 
Electric Generation Systems/' Bell Journal of Economics, vol 5, 
No 2, autumn 1975, pp 679-694 



applications for changes in rates to State public 
utility commissions. Generally accepted ratemak- 
ing practices are discussed in chapter 8 (box 8A). 
The objective of minimizing rates is often meas- 
ured in terms of revenue requirements or the total 
cost per kilowatt-hour of electric energy gener- 
ated. The principal cost elements to be consid- 
ered when meeting this objective are: 

1 . fixed costs associated with the recovery of 
capital invested in generation, transmission 
and distribution facilities; 

2. fixed and variable production costs associ- 
ated with operation, maintenance and fuel 
expenses for supply facilities; and 

3. overhead costs associated with general 
administrative expenses and working capi- 
tal allowances. 

In order to compare lifetime rate requirements 
of different generating technologies, utilities pro- 
ject, over the lifetime of each plant, each com- 
ponent of cost— return on capital, debt service 
cost, fuel and operating cost, and share of over- 
head—and then they apply a discount rate to 
each year's costs to calculate a levelized annual 
cost Utility decisionmaking is complicated by the 
fact that plants with the same levelized cost can 
have very different year-to-year costs, and that 
utility rates are not set according to levelized cost 
but projected actual costs. During times of high 
inflation and high interest rates, the return on cap- 
ital and the cost of capital-expensive plants is con- 
centrated in the early years of a plant's life. For 
fuel-expensive plants the opposite is true— the 
year-to-year cost is initially low but increases over 
time. The implications of such trade-offs are dis- 
cussed in more detail in chapter 8. 

Maintaining Corporate Financial Health 

The third objective of utility decisionmakers— to 
maintain the financial health of their compa- 
nies—is typically assessed in terms of some key 
parameters such as growth in earnings, debt serv- 
ice coverage ratios, and return on common equity. 
System planning decisions which satisfy the two 
objectives discussed earlier (i.e., maintaining sys- 
tem reliability while minimizing ratepayers' bur- 
den) are also evaluated in terms of their impact, 
overtime, on these measures of corporate finan- 
cial health. 
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Since the electric utility business is so capital- 
intensive, it relies heavily on its ability to raise 
capital from debt and equity sources. The avail- 
ability and cost of this capital depends, to a large 
degree, on a utility 7 s financial health as evaluated 
by security analysts and investment houses. 

When evaluating a utility's financial health, 
these analysts weigh a wide range of qualitative 
and quantitative factors (see table 3-3). They 
seem, though, to emphasize five quantitative fac- 
tor: 

1. earnings protection— debt coverage, 

2. leverage— equity share of total capitalization, 

3. cash flow and earnings quality— share of 
AFUDC in total earnings, 

4. asset concentration— shares of generating ca- 
pacity compared to shares of the rate base, 
and 

5. financial flexibility. 17 

In addition, they generally consider five qualita- 
tive factors: 

1 . prospects for demand growth in the service 
territory, 

2. diversity of fuel supply, 

3. quality of management, 

4. operating efficiency, and 

5. regulatory disposition. 

Variations Among Utilities and 
Conflicting Objectives 

Prior to the early 1970s, maintaining reliabil- 
ity was treated as a prescribed constraint and util- 
ities generally had little trouble earning their 
allowed rate of return while achieving steady re- 
ductions in the cost of electricity, as discussed 
earlier. In other words, the three investment ob- 
jectives could in effect be simultaneously pursued 
with little conflict, and the process just described 
generally explained utility investment decisions 
quite well, at least with respect to technology 
choice. 



1 Thomas Mockler (Standard & Poor's), "Workshop on Investment 
Decisionmaking^ in Electric Utilities," sponsored by U S Congress, 
Office of Technology Assessment, Washington, DC, Apr 17-18, 
1984 



Table 3-3.— Elements Considered in the Utility 
Financial Rating Process 



Economic *n*ly$i$ ol senrfce territory: 

Population 

Wealth 

Employment 

Size of service area and outlook 
Historic and estimated load growth 
Demand and energy sales 

Type o/eyefem; 

Self generation 

Distribution 

Combination 

Wholesale and bulk power 
F«c///f/es: 

Fuel mix, cost, availability, and price 
Capacity and reserve 
Operating cost 
Operating ratio 
Dispatching strategies 
Ctplttl Improvimnt p/ans; 
Realistic construction cost estimates 
Alternatives to own construction 

Rste §tructuro: 

Likely regulatory climate 
Comparative rates 
Ability to adjust 

Bond $*curtty: 
Revenue; 

Debt service reserve 
Contingency fund 
Capitalized interest 
Rate covenant 
Additional bonds covenant 
Power contracts 
Asset concentration 

Key rstlo$: 

Environmental concerns 
Net take-down 
Interest coverage 
Debt service coverage 
Debt service safety margin 
Debt ratio 

interest safety margin 
Percentage AFUDC 

Percentage internal cost generation 

Qtoaaary tor financial ratio*: 

1 Oporatlng ratio operstlng ind maintenance expenses (excluding depreciation) 
divided by total operetlng revenues 

2 Not tokodown net revenues (gross revenues less operstlng end maintenance 
expenses) divided by system gross revenues 

3 tnterost covorago interest for yeer divided Into net revenues available for debt 
service 

4 Debf eerWce covraga prlnctpet plus Interest requirements for yeer divided 
into net revenues available for debt service 

5 Debf sarvlco aafoty margin system gross revenues less operating and main- 
tenance expenses end leu current debt service divided by system gross 
revenues 

ft Oobt ratio net debt (gross debt as shown on balance sheet less bond prin- 
cipal reserve) divided by sum of net utility plant plus net working capital 

7 Intaraat tafaty margin gross revenues less opereting end maintenance ex- 
penses end less current Interest for yeer divided by system gross revenues 

SOURCE Standard A Poor'*, • Standard A Poor s Bond Outdo for 1963, '' 1963 
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The actual implementation of a decisionmak- 
ing process varies across utilities, but there ap- 
pears to be little difference among utilities in the 
generally accepted practices for making deci- 
sions. The differences, rather, are mostly in 
characterizing the alternatives to be considered. 
A recent survey of utility decisionmaking 18 re- 
ported that, in spite of the wide diversity of types 
of firms in the industry (see box 3B), 

. . . there is a high degree of uniformity in the 
plant investment decisionmaking practices fol- 
lowed by U.S. electric power firms, both public 
and private, as well as other regulated utilities. 

In chapter 8 the analytical tools routinely used 
by utilities in making investment decisions are dis- 
cussed. Also discussed are the differences among 
utilities, particularly with respect to differences 
in cost of capital (considerably different, for ex- 
ample, between public and private utilities), in 
discount rates, and in attitudes toward and meth- 
ods for dealing with risk. 

How utilities account for risk is important be- 
cause it explains in part what might otherwise be 
a noneconomic choice in selecting a new tech- 
nology. For example, uncertainty about demand 
growth, long-term financing conditions, or other 
"state of the world" factors may prompt more 
severe discounting for long-term risk against long 
lead-time projects. This has certainly been the 
case in recent years in the industry. Similarly, of 
particular relevance to this assessment, concern 
over a specific technology may swing a close in- 
vestment decision one way or the other. The Edi- 
son Electric Institute 19 has classified the critical, 
supply-option, technology risks facing utility deci- 
sionmakers, these are summarized in table 3-4. 

In addition, and reflected in some of these risks, 
factors relating specifically to regulatory approval 
are of increasing concern and have prompted 
utilities to carry out what is often termed ''short- 
period analysis." In such an analysis, planners 
examine how specific areas of uncertainty, such 
as future environmental regulations or fuel avail- 



,B G Corey, "Plant Investment Decision-Making in the Electric 
Pov.'^r Industry/' Discounting for Time and Risk in Energy Policy 
(Washington, DC Resources for the Future, 1982), pp 377-403 

"Edison Electric Institute (EE I) , Strategic Implications of Alterna- 
tive Generating Technologies (Washington, DC EEI, April 1984) 



ability, might affect the financial performance in 
the early years of a project's life. 

This new, more complex investment decision 
environment of the 1980s has brought with it the 
possibility of conflicting objectives in making in- 
vestment decisions. It has become possible that 
utilities could decide not to pursue the lowest 
projected lifetime cost option (minimizing rates) 
for future investments because of its implications 
for short-term financial performance (maintain- 
ing financial health). In the long run, maintain- 
ing financial integrity does indirectly affect the 
ratepayers' burden, but the relationship is less 
clear. 

Perhaps to avoid such conflict, some utilities 
in recent years have made substantial changes 
in the way thev make future investment decisions. 
For example, Pacific Gas & Electric's (PG&E) key 
corporate planning goals published in 1983 20 state 
an "adopted direction" including: 

• operation within revenue and expense levels 
provided by rate case decisions, 

• minimize capital expenditures, and 

• avoid major commitments of capital to new 
energy supply projects. 

For PG&E, this meant that "the company will 
not be committing capital to any major new elec- 
tro supply projects, although minimal capital ex- 
pen iitures may result from efforts to keep options 
open." Variation in how a utility sets its basic 
direction for resource planning depends on reg- 
ulatory pressure, financial position, and, perhaps 
most importantly, the character ot utility manage- 
ment. Some utilities have substantially modified 
their "decisionmaking" mechanisms to better ac- 
commodate uncertainty and trade-offs in invest- 
ment decisions, e.g., the "short-period" analy- 
sis described earlier. 

The trade-offs among future investments are 
likely to be a fundamental issue of debate over 
the next decade, and this debate's outcome 
could profoundly affect the deployment of new 
technologies as they mature. Another recent in- 
dustry survey, cited earlier 21 reports that, for the 



20 Pacihc Gas & Electric Co , Long Term Planning Results 1984- 
2004, May 1984 
2, Theodore Barry & Associates, op. cit , 1982 
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industry as a whole, "avoiding any significant 
capital expenditures under present (financial) cir- 
cumstances is a paident business decision . . .," 
and while such capital aversion could result in 
ncner onomic generation of electricity, it was 
viewed as the optimal strategy of least near-term 
nsk. The degree to which new technologies are 



perceived to contribute simultaneously to long- 
term, cost-effective supply (or the r . : uis^alent in 
terms of demand reduction or shifts to non-peak 
times) as well as to short-lerm improved cash flow 
Hue to shorter lead-time and smaller scale addi- 
tions) could strongly influence their market 
penetration by the year 2000. 
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Table 3-4. -Technology Risks for Electric 
Utility Decisionmakers 



1. Technical risk* the probability that a new generator will fail 
to come on-line at Its anticipated capacity rating 

2 Lifetime risk: the probability that a new generator's life- 
time will be significantly shorter than anticipated due either 
to technical problems or regulatory decision problems 

3. Cost risk: the probability that a new generation technolo* 
gy will cost significantly more to construct or operate than 
anticipated 

4. On-time completion risk: the probability that a technolo- 
gy will not come on-line when anticipated because of tech- 
nical or regulatory problems. 

5. Lead-time risk: the probability construction end time will 
be longer than planned. One problem is that events change 
such that the probject will no longer be needed or econom- 
ically viable. 

6 Obsolescence risk: the probability that a given technolo- 
gy will be economically obsolete prior to its planned life- 
time This is analogous to the lifetime risk and could result 
from fue! cost changes or new technologies being in- 
troduced, etc. 

7 Third-party ownership risk* the probability that a genera- 
tor owned by a third party will become unavailable to 
produce electricity for any reason related to the ownership 
by a third party, e g., bankruptcy of the corporate entity 
owning a cogeneration facility so that the steam no longer 
exists and the facility is uneconomic without the steam 
demand 

8 Reliability and performance risk: the probability that a par- 
ticular technology will be significantly less reliable than 
planned 

SOURCE Modtfted from Edison Electric Institute (£El), Strategic Implications 
of Alternative Electric Generating Technologies (Washington, DC "El. 
April 1964) 

As utilities emerge from the financially stressed 
period of the 1970s and early 1980s, the trade- 
offs between financial performance and the rate- 
payers' burden will be a subject of continuing de- 
bate that may affect the structure of the industry 
itself. 22 

The Current Context for 
Alternative 9 ivestments 

Most utilities have been forced by economic 
and regulatory uncertainties to broaden the scope 
of their analysis of future investments, but this has 
not yet led, in most ca.>es, to investment in new 
generatin 6 technologies 

"On one hand, some economists .argue that a solution to the 
utility industry's tin* ncial problems over the long term rests in 
deregulating portions of the power generation side of the business, 
on the other iiand, others (e g , U S Department of Energy (DOE), 
Report of the Electric try Policy Project, The Future of Electric Power 
in Ameru a Ecor mc Supply tor Economic Crowtn (Washington, 
DC National Te< Mnical Information Service, June 1983), DOE/PE- 
(X)4S) argu° that agglomeration of existing firms into larger regional 
entities addresses the financial problems more efficiently 



A 1 982 EPRI survey of member utilities 23 posed 
the question of what strategic options were con- 
sidered likely in the event of limited capital avail- 
ability over the next decade. Options involving 
new technologies fell well down the list of pri- 
orities, behind strategies such as increased con- 
servation, deferral of retirements, rehabilitation 
of existing plant, 24 and increased participation in 
joint ownership of large conventional plants. The 
survey did suggest, however, that utilities are con- 
sidering new technologies as an option to pur- 
sue in the event of unexpected contingencies and 
that "utilities revealed an increased willingness 
to consider a host of new technologies for gen- 
eration before the end of this century." 

Some utilities 25 think that there are three ma- 
jor contingencies that could more or .ess signifi- 
cantly affect the relative attractiveness of new sup- 
ply technologies over the next decade: 

• Sudden increases in demand growth.— 

Demand growth in the United States in 1983 
was 1.9 percent and in 1984 it was 4.6 per- 
cent; demand predictions for the next dec- 
ade vary from 1.5 to 5 n3rcent. 

• Major reductions in allowable pollution 
emissions.— Acid rain and other legislative 
initiatives could alter the kinds of coal-burn- 
ing technologies and fuels used over the next 
decade. 

• Limited availability of petroleum.— While 
the shortages and price increases of the 
1970s prompted considerable shif s away 
from oil in U.S. electric power production, 
over 1 0 percent of the Nation's installed ca- 
pacity is still oil-fired (see figure 3-7 earlier). 
Any dramatic changes in oil availability will 
a^ect the rate at which oil use declines in 
power generation. This issue is discussed in 
depth in a recent OTA assessment. 26 



"Taylor Moore, et al , Electric Power Research Institute (EPRI). 
Planning and Evaluation Division, "Plans and Perspectives The In* 
dusiry's View," EPRI Journal, vol 8, No 8, October 1983, pp. 14-19 

24 Althc jgh AFBC retrofits of existing units involves a new tech- 
nology, this option is being pursued aggressively by many utilities 

"For example, Southern Company Services. Inc , Research and 
Development Department, "Assessment of Technologies Useful in 
Responding to Alternate Planning Contingencies," unpublished, 
December 1983 

' 6 U S Congress, Office of Technology ?ssment, U S Vulner- 
ability to an Oil Import Curtailment (Washington, DC US. Gov- 
ernment Printing Office, September 1984: OTA-E 243 
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In the more distant future three additional con- 
tingencies could change utilities' mvc tment deci- 
sionmaking priorities: 

• Natural gas availability.— There is still con- 
siderable uncertainty in the domestic re- 
source base for natural gas, although opti- 
mism is growing. 27 If reserves are significantly 
greater than previous estimates suggest, then 
natural gas might once again become an at- 
tractive fuel for electric power generation, 
although this would require modifications to 
the Fuel Use Act. 

• Dramatic changes in interest rates.— As dis- 
cussed earlier, due to the industry's capital 
intensity, high interest rates have caused 
electric utilities much financial stress. Dra- 
matic decreases in interest rates could 
dampen the current interest in short lead- 
time, modular design technologies relative 
to larger central station plants; however, u 
could stimulate the interest of nonutility pro- 
ducers in such technologies. 

• Significant technological advances.— Al- 
though much less likely than in other indus- 
tries such as communications or computers, 
breakthroughs in technology could improve 
the likelihood of utility adoption of new tech- 
nology over the next several decades. The 
opportunities for advances in the technol- 
ogies considered in this assessment are dis- 
cussed in chapter 4. 

In addition, changes in Federal policies such 
as the tax system, PURPA, and the Powerplant 
and Industrial Fuel Use Act could have a signifi- 
cant impact on investment decisions as well; such 
changes are discussed in cnapter 10. 

While at the current rate of development ex- 
tensive deployment ot new technologies under 
any circumstances is unlikely in the 1980s, the 
first three contingencies are likely to affect util- 
ity decisionmaking with respect tu new supply 
decisions; the latter three contingencies are net 
likely to affect utility decisions until the 1990s. 



"OTA, (J S Natural (v'ws Avdibbihty Cas Supply Through thv 
Year 2(KH) op < it , 198S 



Trade-Offs in Allocated Investments 
and Strategic Planning 

In light of economic and regulatory uncertain- 
ties surrounding the industry, many utilities are 
now considering, along with traditional central 
station powerplants (including joint ventures in 
such plants with other utilities), such options as 
dispersed generation, increased levels of pur- 
chased power, load management (or other end- 
use related actions), diversification into entirely 
new businesses (see figure 3-1 earlier), and new 
generatingtechnologies as possible investments. 

With an expanded spectrum of investment al- 
ternatives along with an uncertain decision envi- 
ronment, the problem then becomes one of com- 
paring options that differ considerably in terms 
of production characteristics as well as in terms 
of financial risk and return; 28 for example, how 
does one compare a kilowatt of peak-load reduc- 
tion achieved through load management to a kilo- 
watt of new capacity from wind power? 

If, for the moment, one takes the quality of serv- 
ice to be provided by a given utility as a pre- 
scribed constraint, as utilities have traditionally 
done, investment decisions hinge on the relative 
importance of the remaining objectives, namely 
minimizing the ratepayers burden and maintain- 
ing financial health. In recent years in the elec- 
tric utility industry, as implied in the last section, 
the latter objective has taken on added com- 
plexity. 

Generally, a utility strives to earn a rate of re- 
turn at least equal to its cost of capital. There- 
fore long-term profitability could be defined as 
the difference between the return on equity (ROE) 
and the cost of capital 29 (k), Short-term cash flow 
implications of new investments have emerged 
as important concerns for many utilities in recent 
years, i.e., a utility must generate enough cash 



"Discussed in detail in D Geraghty, "Coping With Changing Risks 
m Utility Capital Investments/' unpublished paper, Electric Power 
Research Institute, February 1984 

2 \i * utility's rate of return equals its cost of capital stockholders 
still Pui a competitive return, see D Geraghtv, "Coping With Risk 
m the I ectric Utility Industry The Value of Alternative Investment 
Strategies," Second International Mathematics and Computer So- 
ciety (ISAACS) Symposium on Energy Modeling and Simulation, 
Brookhaven National Laboratory, New York, \ug 27, 1984 
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flow to maintain operations. Therefore, sustain- 
ability could be defined as the difference be- 
tween funds generated and funds used at a given 
time. 

The above definitions of profitability and sus- 
tainability are used in figure 3-15 to show the fi- 
nancial performance ci utilities over the last two 
decades. If profitability is measured on the verti- 
cal axis and sustainability on the horizontal axis, 
the regulatory target is the origin, i.e., where re- 
turn is equal io the cost of capital and where 
funds generated equal the funds received. In the 
1960s, utility investments were both profitable 
and sustainable. With the precipitous rise in fuel 
prices in the early 1970s, investments became 
less sustainable as production costs became un- 
expectedly higher. With the increase in the share 
of earnings earmarked as fur 1 used during con- 



struction (AFUDC), investments also became less 
profitable. In the 1970s the cost of capital in- 
creased further to the point where this industry 
could be considered both unprofitable and un- 
sustainable. Current utility steps to increase prof- 
itability include requests for increases in allowed 
rate of return and efforts to reduce cost; steps to 
improve sustainability include requests for CWIP 
costs to be included in the rate base and avoid- 
ance of new construction projects. 

Financial Criteria for Investments 
in Capacity 

Utilities concerned about both short-term sus- 
tainability and long-term profitability of their oper- 
ations can evaluate investment options in terms 
of their impact on a number of measurable pa- 



Figuro 3-15.— Profitabllity-Sustainabilltv in Eltctric Utilities 





SOURCE 0 Geraghty. "Coping With Riak In tht Eltctric Utility Industry The value of Altarnatlva Invaatmant Strategies " 
papar presented to tha Second international Mathematlca and Computer Society Symposium on Energy Modeling 
and Simulation, Brookhaven National Laboratory, New York, Aug 27, 1964 
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rameters that relate either directly or indirectly 
tosustamability and profitability. These parame- 
ters include the debt service coverage, return on 
equity, percent internal cash generation, and 
growth in earnings. 

For example, an important parameter used in 
evaluating future cash flow implications is the 
debt service or interest coverage ratio which re- 
flects the ability of the utility to repay its debt obli- 
gations and is a crucial factor in determining a 
utility's bond rating. 30 Table 3-5 demonstrates 
relationships between interest coverage ratios, 
utility bond rating, and average cost of these 
bonds. In this connection, year-to-year cash flow 
will fluctuate least when new generating plants 
are built in small increments and with short lead- 
times. Therefore, a utility aiming for a stable debt 
service coverage ratio could choose not to build 
long lead-time, large powerplants even when 
their cost per unit power may be less than the 
smaller plants because of engineering economies 
of scale (see chapter 8). 

Prior studies give some insights into the trade- 
offs between short lead-time, smaller scale addi- 
tions to generating capacity and long lead-time, 
large powerplants. Ford and Youngblood 31 show 

,0 The interest tovera*>e ratio accounts for as much as 80 percent 
of a bond rating decision, see Rand Corp , Electric Utility Decision 
Making and the Nui tear Option (Santa Monica, CA Rand Corp , 
1977) or Standard & Poor, Standards, Poor's Bond Guide for 1981 
(New York Standard & Poor, 1983) 

"Andrew f jrd and Annette Youngblood, "Simulating the Plan- 
ning Advantages of Shorter Lead Time Generating Technologies," 
Energy Systems and Policy, vol 6, No 4, 1982, pp 341-374, and 
Andrew Pord and Annette Youngblood, "Simulating the Spiral of 
Impossibility in the Electrical Utility Industry," Energy Pok y, March 
1983 



Table 3-5 —Electric Utility Debt Cost and Coverage 
Ratio Relationships 



Coverage ratio Bond rating Average yield 

3 0-3 5' AA 11.0% 

2 5-2 75 A 113% 

20 BBB 12 1% 

SOURCES Standard & Poor "Standard & Poor's Bond Guide for 1983," 1983. and 
L Hyman, America's Electric Utilities Past, Present. gnd Future 
(Washington, DC Public Utlhttas Raporla. Inc , 1983) 



that utilities that build plants with short lead-times 
can maintain a lower ratio of capacity under con- 
struction to installed capacity, when year-to-year 
changes in demand growth are very unpredicta- 
ble. A lower ratio of capacity under construction 
would, in turn, allow a higher debt service cov- 
erage ratio. (Short lead-times for purposes of this 
analysis were defined as 1 to 2 years planning and 
permitting and 3 to 4 years construction.) 

In a similar study Behrens 32 shows that nuclear 
plants built in units of 400 MvV to follow demand 
growth closely allowed debt coverage ratios to 
be maintained at more than 3.0 throughout the 
planning horizon of a sample 7,000 MW utility. 
On the other hand, if capacity is added in nu- 
clear units of 1 ,200 MW, the debt service cover- 
age ratio falls to below 2.0 in the year just be- 
fore the plant is brought on line. The simulation 
used in this study assumed the smaller nuclear 
units cost 12 percent more per kilowatt than the 
larger units. 

Finally, a recent Edison Electric Institute anal- 
ysis 33 found that a short lead-time technology, un- 
der a specified set of assumptions, would be pre- 
fe r red even if its capital cost (per unit) were up 
to 15 percent more than conventional technol- 
ogy (with equal operating costs). The value of 
short lead-times in the face of demand uncer- 
tainty is also discussed in more detail in appendix 
B of that study. 34 This issue of short versus long 
lead-time plants is discussed in more detail in 
chapter 3. 



"Carl E Behrens, "Economic Potential of Smaller-Sized Nuclear 
Plants in Today's Economy/' Congressional Research Service pa- 
per prepared at the request of the Honorable Paul Tsongas, Wash- 
ington, DC, Jan 20, 1984, 83-621 ENR 

U EEI, Strategic Implications of Alternative Generating Technol- 
ogies, op c it , 1984 

"The scenario employed assumed a utility wit' a 5 GW peak 
demand, 6 GW of installed capacity, a load factor of 65 percent, 
total embedded capital (excluding CWIP) of $9 6 billion (average 
yearly cost of 10 percent— real discount rate) and embedded oper- 
ating costs of 3 cents/kWh The large plant was 1,000 MW with 
a 7-year lead-time at a cost of $2,000/kW (1980 dollars including 
interest during construction), small plants were 100 MW with in- 
stalled costs of $2,200/kW 
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A PORTFOLIO OF INVESTMENTS: 
BUSINESS STRATEGIES FOR THE 1990s 



Introduction 

The spectrum of alternative investments cur- 
rently available to many utilities was briefly out- 
lined in the last section. This section highlights 
the most important considerations In each of 
these options. As mentioned earlier, to the ex- 
tent that new generating capacity is planned at 
all over the next decade, the industry as a whole 
appears to prefer traditional conventional power 
generation technologies (e.g., pulverized coal- 
burning technologies and combustion turbines) 
as the mainstay for strategic planning. The EPRI 
Annual Industry Survey for 1982, compared with 
the corresponding survey for prior years, did in- 
dicate, however, that more efficient use of energy 
has emerged more prominently in utility strate- 
gic plans than in previous years. 

^he EPRI survey also revealed an increased will- 
ingness to consider new generating technologies 
before the end of this century, particularly in light 
of the future contingencies (see previous section) 
that could affect the viability of conventional 
alternatives. In some utilities where available 
renewable resources are particularly attractive 
and plentiful, alternative technologies such as so- 
lar, geothermal, and wind may contribute signif- 
icantly to future resource plans, but continued 
development of these technologies was viewed 
by the survey as benefiting only a handful of util- 
ities over the next several decades. 

Strategic option* such as rehabilitation of ex- 
isting plant and increased purchases of energy 
from neighboring utilities have emerged as im- 
portant alternatives for utilities in the next dec- 
ade, particularly where capital is in short supply. 

Overall, therefore, in considering alternative 
strategic options for utilities, it is important to 
keep in mind that new generating technologies 
now appear to fall well down the list of priorities 
for most utilities, though interest in U» r\ j s in- 
creasing as utilities plan for dealing wt!i future 
uncertainty. 



The business strategies of U.S. utilities, while 
actually a continuum, can be classified roughly 
into four basic, but not exclusive, categories: 35 

• Modified grow and build strategy,— A num- 
ber of utilities have continued to view com- 
pletion of large nuclear and coal plants 
initiated in the 1970s as their best option. Al- 
lowing for changes in the fuels used in gen- 
eration, this is a continuation of the strategy 
of virtually the entire industry since its be- 
ginning. Some utilities, confident of renewed 
demand growth in the 1990s, are planning 
for continued expansion. 

• Capital minimization.— Many utilities in the 
United States are now reacting to the cur- 
rent regulatory and financial climate in the 
industry with a strategy of minimizing capi 
tal expenditures by canceling plants both 
planned and currently under construction, 
increasing use of purchased power, partici- 
pating in joint ventures if construction is nec- 
essary, selling existing capacity, rehabilitat- 
ing existing plant, and increasing attention 
to load management. This strategy is de- 
signed to minimize corporate risk. 

• Renewable and alternative energy supply.— 
A few utilities have embarked on a strategy 
of significantly increasing reliance on renew- 
able energy soi/rces as well as cogeneration 
from conventional sources in an effort to use 
small, modular plants to better track uncer- 
tain demand growth and reduce construc- 
tion lead-times (other reasons are discussed 
later). The two large utilities (PG&E and 
Southern California Edison) that have made 
reliance on these sources an announced part 
of their strategy both come from California 
where renewable resources are relatively 
abundant and avoided energy costs are high. 
Many more utilities have initiated increased 
research and development programs in new 



"These categories are defined by S Fenn, America's Electro Util- 
ities Under Siege and in Transition, op cit , 1984) 
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technologies (discussed later). How many of 
these will go on to base a significant part of 
their strategic planning on alternative sources 
is uncertain. 
• Diversification.— A majority of investor- 
owned utilities have begun to diversify their 
business interests by investing revenues in 
potentially more profitable ventures outside 
the electric utility business (see table 3-8). 
While the level of expenditures in such activ- 
ities is as yet very small, a large number of 
utilities are exploring new business ventures 
on a small scale in areas such as real estate, 
telecommunications, oil and gas exploration, 
and business services. 

Conventional Alternatives 

The industry surveys cited earlier reveal that 
if more capital is available to electric utilities over 
the next decade and if emissions requirements 
are not tightened, conventional pulverized coal 
steam plants are generally the preferred invest- 
ment option for future generation. The future of 
nuclear power remains clouded by management 
and regulatory problems as well as by technical 
and financial uncertainties. The EPRI survey 
found that "business decisions on new nuclear 
plants will remain clouded"until such uncertain- 
ties are resolved. This conclusion is supported by 
the recent OTA assessment on the future of nu- 
clear power as well as by others. 36 

As discussed earlier, the cash-flow drawbacks 
of the long lead-time, large, conventional coal 
and nuclear plants as well as the potential costs 
of overbuilding due to uncertain demand growth 
have prompted utiliry interest in designs for these 
conventional technologies that permit installation 
of smaller, modular units (200 to 500 MW rather 
than 800 to 1 ,200 MW), even at a significant cap- 
ital cost premium. In addition, in planning for cir- 
cumstances such as increased regulation of pol- 
lution emissions, other utilities have also become 
interested in other modifications of conventional 
coal technologies. Those include limestone injec- 
tion, advanced coal cleaning techniques, im- 
proved scrubbers, and others. 37 Such modifica- 

,fc OTA, Nuclear Power in an Age of Uncertainty, op cit , 1984, 
or Scott Fenn, The Nuclear Power Debate hsurs and Choices (New 
York Praeger Publishers, 1981) 

* 7 See the Southern Co Services report cited earlier 
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tions, while generally outside the scope of the 
current study, could significantly affect the rela- 
tive attractiveness of new technologies under all 
the possible future contingencies cited earlier. 
Considered in this assessment are advanced coal 
conversion processes such as fluidized-bed com- 
bustion and integrated coal gasification/com- 
bined-cycle units. 

Load ft'jnagement and Conservation 

One of the surveys cited earlier 38 found that 
72 percent of the utilities they surveyed had ini- 
tiated formal conservation programs and over 
two-thirds have started formal load management 
programs (see table 3-6). Fifty percent of these 
load management and conservation projects have 
appeared since 1980. Total investment in such 
programs is expected to increase dramatically 
over the next decade, particularly in load man- 
agement. The survey suggests that "virtually the 
entire industry will have incorporated such activ- 
ities in a formal way" (see table 3-6). Conser/a- 
tion options are not considered in this report but 
load management is discussed in chapter 5. 

Plant Bettermant 

Many utilities have found it useful to consider 
measures of rehabilitating existing generation ca- 
pacity or improving maintenance to extend their 
useful lives. 39 Indeed, some studies have found 
a high correlation between maintenance expend- 
itures, unit availability, and adjusted return on 
equity, i.e., the difference between the earned 
return and bond yields. 40 Moreover, as life ex- 
tension options are reviewed more carefully, 
many units operating at derated capacities, since 
they are approaching the end of their design lives, 
can be restored to their original output and more 
(up to 10 percent) with improved heat rates and 
overall efficiencies. 41 Some current research 42 

"Cogan & Williams, Investor Research Responsibility Center, op. 
cit , 1983 

"LeeCatalano, "Utilities Eye Unit Life Extension/' Power, vol. 
128, No 8, August 1984, pp. 67-68. 

Cono, National Economic Research Associates, research sum- 
marized in "First Annual Maintenance Survey," Electrical World, 
vol 197, No 4, April 1983, pp. 57-64 

4, G Fnedlander, "Generation Report New Life Available for Old 
T/G's and Boilers/' Elects at World, vol 197, No 5, May 1983, 
pp 87-96 

"Summary of ongoing research by Temple, Barker & Sloane, Inc 
given in "Optimum Use of Existing Plant," Utility Investments Risk 
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Table 3-6.— Conservation and Load Management Programs of Leading Utilities" 

Projected 
annual 





Generating 


increase 


Program 




Prni Art Arl 


Company 


capacity 


in demand 


Atinnf inn 




megaWaiis savea 


1982 


throuah 1992 


riat fits i 


in iQft9 /nnn\ 




TV A 




2 38% 


1977 


57,000 


4,000 


uuKtJ rower 


14,526 


3.87 


1975 


NA 


2,994 


Plrtrirta Qfl.1 

rioriua r&L 


12,865 


3 5 


1980 


23,000 


2,100 


raCmC o&t . . 


16,319 


0 9 


1976/77 


84,000 


1,871 


L/aroiina r&L . . . 


8,085 


3.0 


1981 


10,600 


1,750 


nousion L&r* . . . 


12,966 


2.6 


1978/80 


12,500 


1,700 


OO L/allT CO . 


15,345 


2 0 


1972 


46,154 


1,500 


riuriud rower . . 


5,899 


1 0 


1980 


5,000 


1,500 


ruuiic oerv b&o 


9,023 


1 3 


1982 


9,000 


956 


DBA 


0 


NA 


1980 


86,000 


802 


jersey oen r&L 


. . . 3,371 


1 5 


1980 


9,000 


800 


Alabama Power 


9,194 


2 59 


1976 


1,266 


800 


Dflnn CI 

rOllll CI . . . . 


2,736 


2.0 


1373 


4,200 


671 






1.7 


1976 


7,876 


301 


Oklahoma G&E 


5,359 


NA 


1982 


NA 


600 


Northern States 


6,162 


20 


1979 


10,000 


600 


Metropolitan Ed 


. . 2,144 


1.85 


1980 


1,000 


485 


Texas P&L . . . 


7,904 


51 


1977/81 


5,100 


465 


Detroit Ed 


. ... 9,458 


25 


1968/81 


13,000 


450 


Arizona PSC . . 


3,522 


23 


1977 


3,230 


420 


Kansas City P&L 


2,774 


23 


1982 


NA 


412 


Tampa El 


2,495 


27 


1980 


8,000 


400 


Penn P&L . . 


6,470 


15 


1983 


4,700 


390 


Consolidated Ed . . . 


10,564 


1.0 


1975 


440 


370 


Utah P&L . . 


2,751 


NA 


1977 


10,440 


318 



*Survey asked utilities to respond under a controlled growth scenario 



Dougtas Cogan and Susan Williams. Generating Energy Alternatives Conservation, Load Management, and Renewable Energy at America's Electric Ullllliea 
(Washington, DC Investor Responsibility Research Center, Inc September 1983) 



suggests that life extension programs could dra- 
matically reduce future revenue requirements as 
well. These options are discussed in more detail 
in chapter 5. 

Plant rehabilitation and life extension are likely 
to be very significant options over the next two 
decades for utilities with a significant fraction of 
aging plants. These prospects over the next two 
decades depend on the life times assigned to ex- 
isting capacity. For example, with an assumed 30- 
year average plant life, over 200 gigawatts (GW) 
of replacement capacity will be required by the 
year 2000, but with an assumed 50-year life, only 
20 GW would be required (see table 3-7). Over- 
all in the United States, the prospects for plant 
rehabilitation or life extension are limited by the 
fact that over half of the U.S. generating capac- 

Analysis Technical Newsletter, Electric Power Research Institute, 
Energy Resources Program, No 2, February. 1984, also see H 
' ,;es and H Stoll, "Benefits of Power Plant Life Extension in To 
ria> 's Business Climate/' Prot eedings ot the American Power Con- 
lerente, 1983 



ity has been built since 1970. In addition, these 
prospects vary considerably by region (see chap- 
ter 7). 

Increased Purchases 

Interconnection among utilities has always 
been common in the electric power industry but 
in recent years bulk power transfers have in- 
creased dramatically. In fact, the total volume of 
bulk power transfers increased by a factor of 30 
between 1945 and 1980 while total electricity 
production increased only by a factor of 10. 43 In 
general, bulk power purchases are undertaken 
by a utility if the marginal cost of production in 
an interconnected utility is less than it would cost 
for the buyer to produce that power itself. The 
most significant increases began to occur in the 
early 1970s as oil prices forced many utilities 



4, U S Department of Energy, Energy Information Administration, 
Interutility Bulk hc-ver Transactions, (Washington, DC U S Gov- 
ernment Printing Office, October 1983), DOE/EIA-0418 
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Table 3-7 — Replacement of Powerplants: 
Selected Options 



Cumulative replacement capacity 
GW needed by 
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All . . . 
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152 
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Half 


76 


76 


76 


76 


All oil and gas 










capacity above 20 










percent of region 










(3 regions) . 


55 


55 


55 


55 


If average coal and 










nuclear availability slips 










from 70% to 










About 65% 


21 


21 


21 


21 


About 60% 


42 


42 


42 


42 



SOURCE U S Congress, Office of Tech. ology Assessment. Niflttv Power in 
an Age ol Uncertainty (Washington, DC US Governnent Printing Of- 
fice February 1984) OTA E 216, this analysis shows the sei.&itiv'ty to 
North American Eleclnc Reliability Council data projected from 1983 



highly dependent on oil to seek lower cost power 
from less oil-dependent neighbors and, as a re- 
sult, the ratio of power purchases and wholesale 
power sales to total electricity sales among utili- 
ties varies by region as discussed in chapter 7. 

While there are many different types of bulk 
power transactions, most fall into one of three 
categories: 

1 . economy transactions that reduce operating 
costs by displacing the buyer's own higher 
cost power with lower cost power from a 
neighboring utility; 

2. capacity transactions which permit a utility 
to claim additional generating capacity from 
a neighboring utility to supplement its own 
for a specified period of time (sometimes 
called firm power transactions); and 

3. reliability and convenience transactions that 
are negotiated to improve system operation 
and reliability— e.g., emergency support. 

Some utilities will clearly benefit over the next 
two decades from increased reliar.ce on pur- 
chased power from neighbors that have excess 
coal-fired and hydroelectric capacity ar.d ade- 
quate transmission capabilities, and this option 
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is being actively pursued by utility resource plan- 
ners. Moreover, Canada will be an increasingly 
important source of electricity, primarily hydro- 
electric power, for U.S. utilities in certain re- 
gions. 44 45 The likelihood of increased bulk power 
transfers both within the United States and from 
Canada and Mexico will affect the comparative 
attractiveness of new generating technologies in 
some regions. 

Diversification 

Some researchers argue that diversification of 
electric utility investments to more profitable lines 
of business could greatly benefit the industry's 
overall performance. 46 Indeed, diversification has 
received increased attention across the industry 
as shown in table 3-8. Other studies have ob- 
served this trend as well. 47 While outside the pri- 
mary scope of the current study, diversification 
could play an important role in the strategic plan- 
ning of some utilities in the next decade since 
such a strategy seeks to realize so-called "econ- 
omies of scope," i.e., a utility might be able to 
exploit ex ; *ing assets to obtain cost advantages 
in nonutiliiy lines of business. For example, bill- 
ing and collection or engineering services for 
other businesses could build on the existing in- 
frastructure already present in the utility. The reg- 
ulatory response to diversification is as yet un- 
certain; the range of activities is limited somewhat 
by individual public utility commissions, the Pub- 
lic Utility Holding Company Act, and PURPA. 



"Although the limitations on transmission capacity will become 
a major issue in the decades to come, currently, for example, New 
England is negotiating firm power contracts with Canada because 
transmission capabilities exist while hnks with the Ohio River Val- 
ley which has excess derating capacity are limited. 

"International trade agreements with Canada for firm power (as 
opposed to economy interchanges which have been routine for 
many years) have recently become an important issue on both sides 
of the border, see Diane DeVaul, et a I , Trading in Power The Po- 
tential for U S /Canadian Electricity Exchange (Washington, DC- 
Northeast-Midwest Institute, September, 1984), "Trading in Power 
A Bmational Conference on Electricity Exchange/' Lake Placid, NY, 
Sept. 6-7, 1984, D. Hodel, "Statement on Canadian Imports of Elec- 
tricity/' (statement read to the Northeast-Midwest Institute Con- 
feience on Trading in Power), Sept. 6, 1984, and R Bourassa, Power 
From the North (Scarborough, Ontario Prentice-Hali, 1985). 

^Edison Electric Institute (EEI), Bjsiness Diversification Activities 
of Investor-Owned Electric Utilities (Washington, DC EEI, 1985) 

47 D Arthur and A Harris, "Diversification in the Electric Utility 
Industry," unpublished paper, Portland General Electric Co , Cor- 
porate Planning Division, Portland, OR, January 1981 
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Table 3*8.— Edison Electric Institute Business 


Diversification Survey* 




Venture 


Percent of total 


Fuel develoDment and exnlorahon 




Real estate . 


13 


Energy conservation services 


. 8 


Cogeneration and small power production 


5 


Appliance sales and service . 


5 


Project management and consulting 


5 


Fuel transportation 


5 


Dlst'ict heating 


3 


Land management controls 


. 3 


Computer software sales 


. 3 



a Bued on 296 total responses 



SOURCE "EEI Details Utility Diversification in New Report," Electric Light A Pow 
er, vol 63, No 6, June 1965, p 18, Edison Electric Institute (EEI). Bust 
ness Diversification Activities of Investor Owned Electric Utilities 
(Washington, DC EEI, 1985) 

Developing Supply and Storage 
Technologies 

The range of technologies considered in this 
assessment that may show promise in electric 
power generation through the 1990s are included 
in table 3-9. A detailed evaluation of the prob- 
able costs and performance of these technologies 
is given in chapter 4. Considered here are some 
of the generic characteristics of these technol- 
ogies that might affect a utility's decision to adopt 
them or might encourage nonutihty investment 
in them. 



Table 3-9. — Developing Technologies Considered in 
OTA's Analysis* 



Photovoltaics 

Flat plate systems (tracking and nontracking) 

Concentrators 
Solar thermal electric 

Solar ponds 

Central receivers 

Parabolic troughs 

Parabolic dishes 
Wind 

Geothermar 
Dual flash 

Binary (large and small) 
Atmosph* c fluidized'bed combustors 
Integrated gasification/combined-cycle 
Batteries: 

Lead acid 

Zinc chloride 
Compressed-air energy storage (large and small) 
Phosphoric-acid fuel c ells (large and smal l) 

•For Jttcrlption st« box 2A, ch 2 and ch 4 
SOURCE Office of Technology AsMStmint 



Most of the developing technologies listed in 
table 3-9 are small in scale relative to conven- 
tional alternatives; hence they generally have 
shorter lead-times and offer the following 
benefits: 

• Modularity.— Modularity of units, both in 
construction and in duplication of plants at 
a single site, means that decisions to initiate 
new capacity additions can be made closer 
to the time the units are actually needed. As 
a result, there is more flexibility in both track- 
ing highly uncertain demand growth and in 
bringing new capacity on line to correct for 
temporary undercapacity. Several of the new 
technologies considered in this assessment 
(see table 3-9) lend themselves to modular 
design— e.g., wind, photovoltaics, fuel cells, 
and IGCC. Utilities consider flexibility in peri- 
ods of highly uncertain demand growth to 
be a primary motivation for examining new 
technologies. 48 Combustion turbines have 
traditionally been used by utilities to reduce 
their exposure to risk during periods of un- 
certain demand growth, but they involve 
very high operating i osts and use of pre- 
nium oil and gas fuels. The gas industry is, 
however, very optimistic about the future of 
combined-cycle plants using natural gas. 

• Less "rate shock/ '-Rate increases can be 
moderate with small plants or units coming 
on line and entering the rate base. If demand 
growth is very large, however, many small 
plants or units will be required and "rate 
shock"coijld be even more severe since 
small plants or units of alternative technol- 
ogies generally come at a capital cost 
premium. A similar rate shock through fuel 
adjustment clauses might be experienced 
with a strategy of using combustion turbines 
to meet such unpredicted, large demand 
growth. 

• Increased reliability.— Generally speaking, 
smaller units permit maintenance of a 
smaller reserve margin since individual 
forced outages of smaller units have less im- 
pact, although if the system is mixed, i.e., 



4 «W Could, "Devt ,pmentof Renewable/Alternative Resources 
of Electric Energy/' unpublished, Southern California Edison Co . 
Rosemead, CA, 1983 
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with some large and small generators, the 
reserve margin must cover the possibility of 
a forced outage of the large units. Moreover, 
the potential of this benefit is complicated 
if the small units are dispersed source gener- 
ators as discussed in chapter 6. 

• Improved financial flexibility.— The amount 
of capital tied up in construction is substan- 
tially reduced by employing short lead-time 
technologies. Security rating agencies are 
concerned when a utility incurs a significant 
"asset concentration risk/' e.g., placing a 
large amount of capital at risk on a single 
project which could ultimately account for 
50 to 60 percent or more of the utility's rate 
base but only 10 to 15 percent of its installed 
capacity. 

• Improved quality of earnings.— Less capi- 
tal tied up in construction translates into a 
lower level of AFUDC reported in a utility's 
earnings. This, in the eyes of investors, raises 
the quality of earnings since AFUDC is con- 
sidered a "paper" earning. 

• Technology and fuel diversity.— Diversity of 
fuel types and technologies employed by a 
utility reduces not only technological risk but 
also institutional risks such as the impacts of 
a coal strike or an oil supply disruption. 

In addition, many new technologies offer envi- 
ronmental benefits as well as advantages of fuel 
flexibility, increased efficiency, the potential of 
reduced fuel transportation costs and, in many 
cases, the possibility of cogeneration. Moreover, 
if a small-scale technology is suitable for dispersed 
siting near load centers, additional benefits are 
possible* 

• Reduced transmission requirements.— Siting 
closer to load centers reduces the need for 
transmission; large plants generally must be 
sited much further away. The potential level 
of transmission "credit" possible in small dis- 
persed generating units has been the subject 
of much research. 49 

• Improved quality of service. -Outages can 
generally be serviced more quickly with dis- 

4, Sc»«\ tor example, S U»i» v\ M Systems Control, Iru , Impact 
ot Transmission Requirement* ol Dispersed Storage and Genera- 
tion (Palo Alto, CA Uectru Power Researc h Institute), Det ember 
19^9, fM 1192 
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persed generation available to be dispatched 
locally. 

• Improved area control.— If decentralized 
sources can be coordinated with energy con- 
trol centers (where power flow to load centers 
is controlled), the result will be better >egu- 
lation of area control error and hence im- 
proved efficiency and quality of power (see 
chapter 6). 

While all of these potential benefits are in many 
cases sufficiently attractive to warrant interest on 
the part of utilities, alternative technologies also 
pose complications for utility planners in addi- 
tion to the risk of relying on new technology. 
These include: 

• Load dependence.— The uncertainty associ- 
ated with impact on the system load curve 
of dispersed generating sources is com- 
pounded by the fraction of this generation 
coming from intermittent alternative energy 
sources such as wind, solar, and low-head 
hydroelectric systems. Unlike conventional 
sources or fossil-based dispersed sources 
which are largely independent of load char- 
acteristics, alternative sources are often in- 
terdependent with load due to such factors 
as wind speed, solar energy flux, tempera- 
tures, steam flow, etc. 

• Nondispatchable generation and utility 
operations.— As mentioned earlier, nonutil- 
ity or customer-owned equipment (actually 
for both new as well as conventional tech- 
nologies) operating under the provisions 
established by PURPAare not generally in- 
cluded in a utility's economic dispatch sys- 
tem. Most utilities have treated nondispatch- 
able generation as an expected modification 
of the system load curve in the same manner 
as load management. As penetration of non- 
dispatchable sources grows, however, utili- 
ties will need to account for them more ex- 
plicitly in dispatching strategies. 

• Nonutility generation and capacity plan- 
ning.— As mentioned earlier, nonutility gen- 
eration has traditionally been treated as a 
modification to the system load curve. If sig- 
nificant penetration of such generation is 
considered a possibility, as might be the case 
in a number of utilities, the capacity plan- 
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nmg process for these utilities could be af- 
fected. The attitudes of utilities toward non- 
utility generation varies markedly among 
utilities in terms of interconnection require- 
ments and conventions for establishing of 
avoided cost rates. Interconnection require- 
ments such as insurance, control and safety 
equipment, meters, and telecommunications 
equipment can all vary according to size of 
generating plant, approved design specifica- 
tions or other factors (see chapter 6). Simi- 
larly, avoided cost rates vary according to 
procedures for capacity and energy credits, 
and availability of "payment tracking mech- 
anisms" that permit nonutility generators to 
receive higher revenues in early years of the 
project, as is the practice at Southern Cali- 
fornia Edison. The ultimate contribution of 
nonutility generation to the overall U.S. 
power generating capacity depends on not 
only the performance of the technology and 
adequate financial incentives, but also on the 
evolving attitudes of utilities, especially as 
they apply to rates and interconnection with 
nonutility generation. Indeed, interconnec- 
tion requirements alone can increase nonu- 
tility generation cost by over $1 ,000/kW for 
small systems. 50 Some work is now being 
done to incorporate nondispatchable tech- 
nologies into long-term generation plan- 
ning. 51 

• Rate inequities.— The possibility of rate in- 
equities also presents a potential problem in 
the case of encouragement of a large pene- 
tration of nonutility generation. Rate require- 
ments are estimated for various customer 
classes, e.g., residential, commercial, heavy 
industrial, etc., based on the total revenue 
requirements of the utility and the forecasted 
demand o. each customer class (including 
time of day and cost of service Considera- 
te U S Congress, Office of Technology Assessment, Indus- 
trial and Commercial Cogeneration (Washington, DC US Gov- 
ernment Printing Office, February 1983), OTA-E-192, and U S De- 
partment of Energy (DOE), Survey of Utility Cogeneration 
Interconnection Projects and Cost- Final Report (Washington, DC 
DOE, June 1980), DOE/RA/29349-01 

"As discussed in M Caramams, etal , "The Introduction of Non- 
dispatchable Technologies as Decision Variables in Long-Term Gen- 
eration Expansion Models." Institute of Electrical and Electronic 
Engineers (IEEE) Transactions, vol PAS-101, No 8, August 1982, 
pp 2658-2667 



tions). A situation could arise whereupon the 
demand of a particular customer class is re- 
duced by the implementation of end-use de- 
vices or third-party generation plants and, 
consequently, customer rates must be in- 
creased to meet fixed revenue require- 
ments. 52 Potential rate inequiti;^ may result, 
particularly to those customers in an affected 
rate class who do not use the demand-reduc- 
ing device. 

• Research and development and regulatory 
treatment,— As we will see in chapter 4, 
most new generation technologies, today, 
are not yet cost competitive with conven- 
tional alternatives. For promising new tech- 
nologies, part of the difference between 
current and mature costs represents the 
amortization of R&D expenditures. An often- 
used operational rule among many utility 
commissions, however, is to permit plants 
into the rate base oniy if they can generate 
power at less than full avoided cost. 53 The 
issue then becomes clear: to what extent will 
the less than full avoided cost benchmark in- 
hibit the commercialization of new technol- 
ogies? If such a benchmark is relaxed, to 
what degree should ratepayers share with 
the stockholders the burden of higher per 
unit capital costs, greater risk of lower relia- 
bility, possibility of complete plant failure, 
and possibility of shorter plant life associated 
with new technologies? Some studies suggest 
that relaxed treatment of the full-avoided 
cost benchmark is a prerequisite to signifi- 
cant penetration of many new technologies 
(at least for demonstration and early com- 
mercial units) in utilities over the next two 
decades. 54 This issue is discussed in more de- 
tail in chapter 10. 



"This phenomenon occurred in 1973-74 in San Francisco with 
local water utilities Regional droughts motivated the utilities to sub- 
sidize advertising campaigns and various end-use devices for water 
conservation. The resulting drop in demand was of such magni- 
tude that the utilities were put in a position of having to increase 
rates to meet their revenue requirements 

5, L Papay, "Barriers to the Accelerated Deployment of Renew- 
able and Alternative Energy Resources," unpublished, Southern 
California Edison Co , December 1982 

"Ibid 
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Current Activities and Interest in 
Alternative Technology 
Power Generation 

The Edison Electric Institute 55 has observed four 
degrees of current involvement (not mutually ex- 
clusive) in alternative technology power gener- 
ation by U.S. utilities: 

• Use of alternative technologies as a substan- 
tial contributor to future resource plans.— 

Some utilities which are historically highly 
dependent on premium fuels (and hence 
have a very high avoided cost rate), have sig- 
nificant demand growth, and have severe 
environmental and regulatory constraints on 
u^ing conventional technologies have an- 
nounced significant plans for reliance on 
alternative technologies. As mentioned 
earlier in the discussion, only two such U.S. 
utilities, namely Southern California Edison 
and Pacific Gas & Electric, have done so to 
date. 

• Use of alternative technologies as a re- 
sponse to uncertain load growth.— Some 
medium dema, d growth utilities, in re- 
sponse to environmental and regulatory 
pressures, have included a' ernativetechnol- 



st, Edi^on Electric Institute, op cit 1984 



ogies as "an important but small" buffer in 
future resource plans. 

• Use of unregulated subsidiaries for equity 
participation in cogeneration.— Some finan- 
cially sound utilities— e.g., Houston Lighting 
& Power—in areas with ^generation poten- 
tial have been permitted by utility commis- 
sions to invent capital in cogeneration ven- 
tures with industry to avoid loss of load, 
revenue, and earnings. This strategy is 
termed "reactive diversification" as opposed 
to "proactive diversification" which is aimed 
at improving stockholder return on equity. 

• Active research and development.— Many 
utilities, are involved in long-term research 
and development with alternative generat- 
ing technologies as a possible response to 
various contingencies discussed earlier that 
could limit the use of conventional generat- 
ing technologies. 

So far, the penetration of new technologies has 
been very small. A great deal has happened in 
the last several years, however, particularly in co- 
generation. Most of this cogeneration is using 
conventional technology, but some are new tech- 
nologies such as AFBC. In addition, wind, low- 
head hydroelectric, and biomass technologies are 
also contributing. For the technologies consid- 
ered in this assessment we discuss the historical 
rate of development in detail in chapter 9. 



SUMMARY AND CONCLUSIONS 



The electric utility industry has experienced a 
period of considerable stress in recent years due 
to declining electricity demand growth; dramat- 
ically increasing fuel prices, construction costs, 
and capital costs and heightened public demand 
for better control of air and water pollution and 
nuclear safety. The industry emerged from this 
period of stress with significant uncertainties, 
especially about future demand growth, and 
financially weakened. While utilities' financial 
health appears to be improving markedly, they 
are not returning to their pre-1970s business 
strategies. 



Still facing a difficult and uncertain investment 
decision environment, utilities have had to ex- 
pand the scope of strategic options they are will- 
ing to consider over the next several decades to 
include such stimcgies as rehabilitation of exist- 
ing plant, increased purchases from neighboring 
utilities, increased conservation and load man- 
agement efforts, diversification of investments to 
nonutility lines of business and, finally, a range 
of new generating technologies. Most utilities are 
only beginning to consider such alternatives to 
traditional large-scale, central-station, power- 
plants. In particular, conservation and load man- 



id 
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agement are beginning to attract more attention 
in utility resource plans; and many utilities have 
plant life extension or rehabilitation projects 
underway. Similarly, in response to uncertain de- 
mand growth, mature smaller scale technologies 
are under close scrutiny. For the most part, 
smaller scale new technologies are under con- 
sideration primarily as a possible response to fu- 
ture contingencies such as oil supply disruption 
or imposition of stricter environmental controls 
on coal burning. There are a few exceptions, 
notably Southern California Edison and Pacific 
Gas & Electric in California They have included 
substantial commitments to new technologies in 
their long-term resource plans. 



To dace, nonconventional technologies account 
for only a tiny fraction of the Nation's overall elec- 
tric generating capacity, the new technologies' 
penetration of the market is likely to grow 
throughout the remainder of this decade and 
throughout the 1990s. 

Nonutility involvement in new technologies is 
increasing steadily under the provisions of PURPA 
and the rate of development of new generating 
technologies over the next two decades may well 
hinge not only on the performance of these in 
nonutility applications but also on the evolving 
relationship between utilities, nonutility gener- 
ators of power, and regulatory agencies. 



ERIC 



Chapter 4 

New Technologies for Generating 
and Storing Electric Power 



CONTENTS 

Introduction 75 

Generating Technologies 7$ 

Solar Technologies 76 

Wind Turbines ............][... 92 

Geothermal Power 96 

r uei ceiis 102 

Combustion Technologies , |Q8 

Entrgy Storage Technologies . , !!..!*.! 1 17 

Introduction 117 

Compressed Air Energy Storage . .1. ............ 1 18 

Advanced Batteries '22 

Summary of Current Activity 129 

List of Tables 

Table No. p 3ge 

4-1. Developing Technologies Considered in OTA's Analysis 75 

4-2. Selected Alternative Generating and Storage Technologies: 

Typical Sizes and Applications 75 

4-3. Advantageb and Disadvantages of Solar Thermal Electric Systems ....... 88 

4-4. Developing Technologies: Major Electric Plants Installed 

or Under Construction by May 1, 1985 y M 



ERLC 



83 



List of Figures 

Figure No. Page 

4-1 . Features of a Flat-Plate Photovoltaic System 78 

4-2. Schematic of a Conceptual Design for a High Concentration Photovoltaic Array. . 79 

4-3. P View of a Recently Installed Photovoltaic Central Station 81 

4-4. Block and Interface Diagram of a Photovoltaic Power System 82 

4-5. Aerial View of a Multi-Megawatt PV Central Station Powerplant 

Under Construction 82 

4-6. ihe Solar One Powerplant 84 

4-7. An Artist's Conception of a Multi-Megawatt Parabolic Dish Installation 85 

4-8. Viev/ of the Lajet Energy Co.'s Solarplant 1 in Southern California 86 

4-9. An Employee of the Lajet Energy Co. Inspecting One of the 24 Mirrors 

Which Are Assembled Below Each Individual Receiver 86 

4-10. Aerial View of the SFCS I Trough Solar Electric Plant 87 

4-11. Solar Pond Powerplant Concept 88 

4- 1 2. Maintenance Crews Performing a Routine Inspection of a Small Wind Turbine ... 92 

4-13. A 500 kW Vertical-Axis Wind Turbine 93 

4-14. Aerial View of a Wind Farm in the Altamont Pass in California 94 

4-15. Schematic of Dual-Flash Geothermal Powerplant 97 

4-16. Aerial View of the Heber, CA, Dual-Flash Geothermal Installation 99 

4-17. Simplified Process Flow Diagram of Binary Cycle Technology 100 

4-18. Artist's Conception of ;he Heber, CA, Binary Geothermal Installation 101 

4-19. Schematic Representation of How a Fuel Cell Works 104 

4-20. Simplified Block Diagrarr of an 11-MWe Fuel Cell Plant 105 

4-21 . Design for a 200 kWe Fuel Cell Module 106 

4-22. Typical Arrangement of 11 MWe Fue! Cell Powerplant 107 

4-23. Simplified IGCC Flo* ~'agram of Texaco Gasifier 109 

4-24. The Cool Water IGC *arit in Southern California 110 

4-25. Types of Fluidized Gas-Solid Reactors With Different Regimes of Particle 

Slip Velocity and Degrees of Flyash Recycle Showing Proposed Terminology 114 

4-26. 160 MW AFBC Demonstration Plant in Paducah, KY 116 

4-27. First Generation CAES Plant 119 

4-28. Geological Formations for CAES Caverns 120 

4 .9. The Huntorf Compressed Air Energy Storage Plant in West Germany 121 

4-30. Generic Battery System 124 

4-31. A Commercial Load-Leveling Zinc-Chloride Battery System 125 

4-32. Lead-Acid Batteries 126 

4-33. Zinc-Chloride Flowing Electrolyte Batteries 128 



ERIC 



84 



Chapter 4 

Ntw Technologies for Generating 
and Storing Electric Power 



INTRODUCTION 



A number of new technologies for generating 
and storing electricity are being developed as 
a'ternatives to large-scale, long lead-time conven- 
tional powerplants. Of increasing interest are 
technologies which are small scale and highly ef- 
ficient, which are capable of using alterna' e 
fuels, and/or which impose substantially I' ✓er 
environmental impacts than conventional gen- 
erating options. 

This chapter focuses on new technologies 
which, while generally not fully mature today, 
could figure importantly in the electric-supply 
technologies installed in he 1990s. Not exam- 
ined in detail are those technologies which al- 
ready are considered technically mature or those 
which are very unlikely to achieve wide deploy- 
ment djrmg that time. Only grid-connected ap- 
plications are considered. The chapter also does 
not examine closely technologies which recently 
have been covered in other OTA reports. 1 

The new iochnologies covered in this report 
are summarized in tible 4-1. In table 4-2, the 
technolog ; 3 are grouped according to size and 
application, along with f heir primary competitors. 
They range in size from units *ess than 1 MWe 
to units greater than 250 MWe. The technologies 
can be divided between those in which the elec- 
trical power production is available upon utility 
demand fdispatchable) and those where it is not. 
In the table, dispatchable applications are further 
broken down according to base, intermediate, 
and peak load applications. Among applications 
where the utility cannot summon eiectrical power 
on command are intermittent technologies (e.g., 
wind turbines and d'rect solar equipment), when 



'The • iru 'uue nuclear power, conventional technologies used 
in iofce» prat ion and conventional equipment vvh'ch uses biomass, 
see p »v ot this report 



Table 4-1.— Developing Technologies Considered in 
OTA's Analysis 1 



Photovoltaics* 

Flat plate systems {tracking and nontracking) 

Concentrators 
Solar thermal electric 

Solar ponds 

Central receivers 

Parabolic troughs 

Parabolic dishes 
Wind turbines 
Geothermal: 

Duai flash 

Binary (large and small) 
Atmospheric fluidized-bed combustors 
Integrated gasification combined-cycle 
Batteries 

Lead acid 

Zinc ide 
Comp» ,ed-air energy storage (large aid sn all) 
Phosp huric-acid fuel cello (large and small) 

a For description see box 2A, ch 2 and table 3-9, ch 3 

they have no storage capacity, as weli as any 
other technologies not controlled by utilities. 

The chapter discusses estimates of the typical 
cost and performance of these technologies in 
th<* 1990s. The estimates and extensive references 
are presented in appendix A. In presenting the 
estimates, the chapter seeks to explain and justify 
them, and to point out the expected, most im- 
portant determinants of the technologies' cost 
and performance during the 1990s. Technology- 
specific research and development (R&D) oppor- 
tunities to accelerate the deployment of the tech- 
nologies in the 1990s are also addressed. 

The cost and performance estimates presented 
here are based on the current status of the tech- 
nologies and the context within which they are 
developing. Information on technical, economic, 
political, and other areas was analyzed and in- 
terpreted. The levels of uncertainty which var- 
ied by technology are also discussed. 
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Table 4-2.— Selected Alternative Generating and Storage Technologies: Typical Sizes and Applications 



Typical configurations in the 1990s 



Installation 
size (MW, 


Dispatchable applications" 


Nondiapatchabie applications** 


Base load Intei mediate load Peaking load 

(60-70% CF) (30-40% CF) {5-15%) 


Intermittent Others 

(w/o storage) (not utility controlled) 


Greater than 
250 M We 


Coal gasification/ Coal gasification/ n a 
combined-cycle combined cycle 

Conventionei coal 




51-250 MWe 


Geotherme 1 Atmosphere fluidtzed Compressed air storage 

bed combustor (maxi CAES) 
Atmospheric fluidized Compressed air storage 
bed combustor (maxi CAES) Solar thermal (w/storage) 

Solar thermal (w/storage) 


Solar thermal Atmospheric fluidiied- 
Wind bed combustor 

Solar thermal (w/storage) 


1-50 MWE 


Geothermal Fuel cella Compressed air storage 
Atmospheric fluidizeo- Compressed air storage (mini CAES) 
bed conbustor (maxi CAES) Battery storage 
Fuel cells Solar thermal (w/storage) Fuel cells 

i oiar thermal (w/storage) 

Combustion turbine 


Solar thermal Atmoapheric fluidlzed- 
Wind bed combustor 
Phoic oitaica Geothermal 
Fuel cells 

Solar thermal (w/atorage) 
Battery storage 
Compressed air storage 

(mini CAES) 
Geothermal 

Combustion turbine 


Less than 
1 MWe 




So'ar thermal Fuel ceils 
Wind Bettery storage 
Photovoltalcs 



NOTES For each ur.it «nd application. n#w techr. «r« •town «bov« th* dotted line and conventional tachnologiaa ara •town balow tha dotted •**>• 

CF = cepecity lector end ni « nol eprMceble 
*Olepetchebte techno'ogie* mey not be utility-owned 

b Note that nondlspetcheble technologlee mey serve bate Intermediete, or peeking loads 
SOURCE Office of Technology Aeteesment 



GENERATING TECHNOLOGIES 



Solar Technologies 
Introduction 

In seeking ways to directly exploit the Sun's 
energy to produce electric power, two alterna- 
tives are being pursued. Solar thermal-electro 
technologies rely on the initial conversion or light 
energy to thermal energy; the heat typically is 
converted to mechanical energy and then to elec- 
tric power. Alternative!*, photovoltaic cells may 
be used to directly convert the light energy into 
electrical energy. Between the two technologies, 
many variations are being developed, each with 
its own combination of cost, performance, and 
risk, and each with its own developmental 
hurdles. 



Most solar electric technologies promise note- 
worthy advantages over conventional technol- 
ogies. 2 These include: 

1 . Free, secure, and renewable energy source: 
These are especially important attributes 
when contrasted with price and availabil- 
ity uncertainties of oil and natural gas. 

2. Widely available energy source: Figure 7- 
1 1 in chapter 7 illustrates the distribution 
of the solar resource in the United States. 



2 Note that some ^olar technologies may use a supplemental fuel 
such as oil, gas, or biomass In such stances, the hybrid system 
will not have some of the advantages and disadvantages listed; and 
the syst( will possess some advantages and disadvantages not 
listed 
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3. No off-site, fuel-related impacts: The deliv- 
ery of solar energy imposes no environ- 
mental impacts off-site, unlike the delivery 
of conventional fuels which frequently re- 
quire a series of steps (exploration, extrac- 
tion, refining, transportation, etc.) which 
each impose environmental impacts quite 
distinct from those at the power plant site 
itself. 

4. No fuel supply infrastructure required: The 
delivery of solar energy does not require 
the development of an ancillary fuel-supply 
infrastructure as is the case with conven- 
tional fuels. A solar plant can operate re- 
motely at any site; a coal plant could not 
do so without the prior development of an 
infrastructure which extracts, refines, and 
transports the coal to the plant. 

5. Short lead-times. 

6. Wide range of installation sizes. 

7. Declining costs: Many of the solar thermal 
systems are experiencing declining costs, 
a fact which reduces risk in any plans to 
invest in the technologies. 

8. Relatively small water needs: Some of the 
solar technologies require I'ttk water be- 
yond that used for cleaning. 

9. Little or no routine emissions: Other than 
thermal discharges and other than run-off 
from washing operations, most solar tech- 
nologies do not routinely emit large quan- 
tities of wastes into the air, water, or soil. 3 

1 0. Siting flexibility. 

Though graced by many advantages, solar elec- 
tric systems—like any other generating technol- 
ogies—also have disadvantages. Among them are: 

1 . Intermittent supply of energy: Solar energy 
is subject to uncontrollable and sometimes 
unforeseeable variations. It is not always 
there when needed. Most obviously, it com- 
pletely ceases to be available every day for 
extended periods (night) or its power is con- 
siderably diminished anytime clouds pass 
between the Sun and the surface of the 
Earth. In addition, seasonal and annual fluc- 
tuations in average solar radiation can be sig- 



'Disposal of the tec hnology at the end of its useful lifetime may, 
however, create serious waste problems 



nificant. 4 And these fluctuations put stress 
on hardware and can cause control problems. 

2. Capital intensive: Current solar electric tech- 
nologies are characterized by very high cap- 
ital costs per kWe. 

3. Land extensive: Solar systems use a lot of 
land per unit of power. Wiere land is ex- 
pensive, land acquisition c^n greatly in- 
crease installation costs. Where solar con- 
centrators are spread over a large surface 
area, soils and microclimates and local eco- 
systems can be affected. 

4. Water usage: Some solar thermal systems 
routinely require large quantities of water; 
and all likely will require periodic cleaning. 
Where units are used in arid areas, this may 
be a problem. 

5. Exposure to the elements and to malevo- 
lence: Many of the system components are 
fully exposed. They therefore suffer from 
erosion, corrosion, and othc damage from 
the wind, from moisture (including hail) and 
contaminants in the air, and from tempera- 
ture extremes. The systems also may be easy 
targets for vandals or saboteurs. For these 
reasons most solar electric installations are 
enclosed by fences, often with some kind 
of barrier for wind protection. And where 
reflective mirrors are used, they frequently 
are designed not to shatter and to withstand 
the elements. A permanent security force 
also may be required where the systems are 
deployed, but their land extensiveness 
makes security difficult. 

6. Cost and difficulty of access: The likelihood 
that the systems wiil be built in remote loca- 
tions raises problems relating to site access 
during construction and for maintenance. 
Transmission access may also be difficult or 
expensive to obtain. 

Photovoitaics 

Introduction.— A photovoltaic (PV) cell is a 
thin wafer of semiconductor 5 material which con- 

4 lt was reported, for example, that the so'ar fl'jx at Solar One, 
a solar-thermal central receiver plant in California, has been 25 per- 
cent lower than in the base year (1976) used for planning purposes 
for the plant This may be due to the increased atmospheric par- 
ticulo p load imposed by recent volcanic e.uptions 

4 A * miconductor is a material characterized by a conductivity 
lying between that of an insulator and that of a metal 
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verts sunlight directly into direct current (DC) 
electricity by way of the photoelectric effect. Cells 
are grouped into modules, which are encapsu- 
lated in a protective coating. Modules may be 
connected to each other into panels, which then 
are affixed to a support structure, forming an ar- 
ray (see figures 4-1 and 4-2). The array may be 
fixed or movable, and is oriented towards the 
Sun. Any number of arrays may be installed to 
pioduce electric power which, after conversion 
to alternating current (AC), may be fed into the 
electric grid. In a PV installation, all the compo- 
nents other than the modules themselves are col- 
lectively termed the balance-of-system. 

At present, PV systems are being pursued in 
many different forms. Each seeks some particu- 
lar combination of cost and performance for the 
module and for the balance-of-system. In a con- 
centrator module, lenses are used to focus sun- 
light received at the module's surface onto a 
m,' ;h smaller surface area of cells (see figure 4- 
2); all available concentrator systems follow the 
Sun with two-axis tracking systems. A flai-plate 
module is one in which the total area of the cells 



used is close to the total area of sunlight hitting 
the exposed surface of the module. Various 
mechanisms such as mirrors can be used to di- 
vert light from adjacent spaces onto the exposed 
surface of the modules. Flat-plate systems may 
be fixed in position or may track the Sun with 
either single or two-axis tracking systems. 

The parallel development of these two types 
of PV modules and systems reflects a basic tech- 
nological problem: it is difficult to produce PV 
cells which are both cheap and highly efficient. 
O'-.ap cells tend to be inefficient; and highly ef- 
ficient cells tend to be expensive. Some PV sys- 
tems which are being developed for deployment 
in the 1 990s are emphasizing cells which are rela- 
tively cheap and inefficient; such cells are used 
in flat-plate modules. Others are using a smaller 
number of high-cost, high-efficiency cells in con- 
centrator systems. 

In either case, if PV systems are to compete 
with other grid-cornected generating technol- 
ogies in the 1990s, their cost and overall risks will 
have to come down and their performance will 



Figure 4-1. -Futures of a Flat-Plate Photovoltaic System 




The basic hierarchy of a PV generator ia the solar cell, the module, or group of cells connected In series or parallel, and the arrcv, group of 
modules connected in series or parallel 

SOURCE Sol«r Energy ReMtrch Institute (SERl), Photovoifict Technic*/ Into ntion Quid* (Golden, CO SERI, 190S), SERI/SP-27 1-2452 
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Figure 4-2.— Schematic of a Conceptual Design for a High Concentration Photovoltaic Array 




SOURCE Black & Veatch. EnQinears-AfChitacti, c^pctptutl Disign for § High-Conc*ntr§t(on (SOOX) Photovolt&tc Array (Palo Alto, CA Electric Powtf Raaaar'h 



have to improve. There is considerable disagree- 
ment over which particular PV system is the 
strongest contender for this market. Market 
penetration will depend on the current state of 
the particular variety of PV system; the potential 
for cost reductions and performance improve- 
ments; and on the reduction in risk perception 
among prospective investors in grid-connected 
installations. 

At present, two types of modules appear to be 
the leading contenders. Ont s tne flat-plate mod- 
ule based on tandem cells made from amorphous 
silicon; the otht. is the concentrator module, 
probably using crystalline silicon. 

There are a number of reasons why the con- 
centrator module could be the photovoltaic tech- 
nology of choice in central station applications 

ERIC 



in the near term. The crystalline silicon cell is rela- 
tively well understood, as are the techniques for 
making such cells. The ceils have been manufac- 
tured for many years, and information on cell oer- 
formance after extended exposure to the ele- 
ments is rapidly accumulating. Concentrator 
modules may offer a favorable combination of 
cost and performance in the Southwest, where 
early central station deployment probably will be 
greatest. And the prospects are good that cost and 
performance improvements can be made during 
the balance of the century. Many of the improve- 
ments do not appear to require basic technical 
advances but rather incremental improvements 
and mass production. 

Flat-plate modules using amorphous silicon 
meanwhile are expected to continue to develop. 
But basic technical improvements must be made 
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before extensive grid-connected deployment will 
occur. The current technology is too inefficient. 
Efficiencies must be improved, and the perform- 
ance of the improved modules must be estab- 
lished overtime and under actual conditions. This 
combination of technical improvements and the 
need to establish a clear, long-term performance 
record will take a substantial period of time. Be- 
cause of this, amorphous-silicon flat-plates may 
not offer a superior choice for central station ap- 
plications until the latter part of the 1 990s or later. 
There is a small possibility, however, that rapid 
improvement in the cost and performance of 
amorphous modules is likely and that they wW 
compete successfully with concentrators during 
most of the 1990s. 

Regardless of technology, the commercial pros- 
pects for PV systems will depend heavily on con- 
tinued technical development and the volume 
of production. Factors influencing either techni- 
cal development or production levels therefore 
will strongly affect cost and performance in the 
1990s. 

The Typical Grid-Connected Photovoltaic 
Plant in the 1990s.-in the 1990s, centra! nation 
applications probably will be favored over dis- 
persed applications l.ideed, by May 1985, ap- 
proximately 1 9 MWe of PV power in multimega- 
watt central station installations w?re connected 
to the grid in the United States— this was most 
of the grid-connected PV capacity in the coun- 
try. This capacity was divided roughly equaily be- 
tween concentrator and flat-plate modules. By 
1995, as much as 4,730 MW; could be located 
in such installations nationwide. 6 Capacity prob- 
ably will be concentrated in California, Florida, 
Hawaii, Arizona, and New Mexico. 7 

In this analysis, it is assumed that the typical 
grid-connected photovoltaic system in the 1990s 
is a centralized photovoltaic system (see figure 
4-3). Unless otherwise stated, the numbers re- 



6 This is the range provided by Pieter Bos (Polyene Inc ), as esti- 
mated in a submission at the OTA Workshop on Solar Photovol- 
taic Power (Washington, DC, june 12, 1984) and discussed by May- 
cock and Sheriekar (Paul D Maycock and Vic S Sherlekar, 
Photovoltaic Technology, Performance, Cost and Market Forecast 
to 1995 A Strategic Tec hnology& Market Analysis (Alexandria, VA 
Photovoltaic Energy Systems. Inc , 1984), pp 130-136) 

7 lbid 



ferred to in this discussion are drawn from table 
A-1 in appendix A, wric^ full references are pro- 
vided. The discussion emphasizes the use of pho- 
tovoltaic systems for the production of electricity 
alone. Such applications are expected to account 
for most central station photovoltaics in the 
1990s. However, a significant share of photovol- 
taic systems may cogenerate both electric oower 
and usable heat. 

Given the modularity of photovoltaic systems, 
the rated capacity of centra 1 PV facilities in the 
1990s will vary widely. An installation of 10 MWe 
is used here as a typical plant. This 10 MWe PV 
plant might occupy approximately 40 to 370 
acres. The installation would consist of approxi- 
mately 500 to 1,250 arrays, each of which would 
be supported by a structure resting on some kind 
of foundation. If the arrays are to tiack the Sun, 
they would require a motor and other tracking 
equipment. Currently, all central station PV plants 
use trackers, and evidence suggests that most 
central stations in the 1990s will too. 8 

Equipment also would be required to ground 
the arrays, to detect faults, and protect against 
faults. Direct-current wiring would connect the 
arrays to power-conditioning subsystems (PCS) 
which would control the arrays, convert the DC 
power produced by the arrays into a form suit- 
able to the grid— constant voltage AC power— 
and regulate the switchgear. 9 (See figure 4-4.) 

The environmental impact of large PV plants 
is likely to be extensive (see figure 4-5). During 
construction, impacts will result mostly from dis- 
ruption of the soils, vegetation, and wildlife by 
the heavy machinery. Impacts after construction 
will relate to changes in the microclimate, ecol- 
ogy and appearance of the area from the simple 
presence of the large arrays and from routine 
maintenance. The latter could include activities 



"See for example Gary ) Jones, Energy Production Trade-Offs 
in Photovoltaic System Design (Albuquerque, NM Sandia National 
Laboratories, 1983), SAND82-2239 One reason for this is that 
trackers allow for higher electricity production and permit capital 
investment to be amortized more rapidly 

'For a good discussion of the basic components oi aPV installa- 
tion, see Paul D Sutton and C j jones, "Photovoltaic System Over- 
view," Advanced Energy Systems— Their Role m Our Future 
Proceedings of 19th Intersociety Energy Conversion Engineering 
Conference, August 19-24, 1984 (San Francisco, CA American Nu- 
clear Society, 1984), paper 34^251 
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Figure 4 3.— A View of a Recently Installed Photovoltaic Central Station 




SOURCE ARCO Solar, Inc 



such as dust abatement measures, vegetation 
control efforts, and periodic cleaning of the 
modules. 

The lead-time required to deploy a PV plant 
is potentially quite short, perhaps 2 years— in- 
cluding planning, licensing, permitting, construc- 
tion, and other elements. Construction itself 
should be quick and simple. Licensing and per- 
mitting should proceed very rapidly because 
many of the environmental impacts are low rela- 
tive to those associated with conventional tech- 
nologies. However, large PV plants will be new 
to most areas in the 1990s; and the land-extensive 
character of the technology raises problems 
which could engender controversy, leading to 
regulatory delays. 



System Cost and Performance.— Operating 
availabilities of 90 to 100 percent are anticipated 
for the multimegawatt PV installation of the 
1990s. 10 This will be affected primarily by the 
number of PCSs required and their quality. Most 
operating large PV systems today are charac- 
terized by operating availabilities below this — 
between 80 and 90 percent— usually as a result 
of problems with the PCSs. In order to reach the 
expected range of operating availabilities, PCSs 
must be developed which can operate reliably. 



10 Operat»ng availability of individual array* will be between 95 
and 100 percent, depending mostly on the performance of trackers, 
if they dre used Recent experience with trackers suggests that their 
operating availabilities should not fa'l below that rang?. 
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Figure 4-4.— Block and Interface Diagram of a Photovoltaic Power System 




SOURCE Paul 0 Sutton and G J Jones, "Photovoltaic System Overview," Advenced Energy Systems—Their Rote in Our Future Proceedings of the 19th tntersoctety 
Energy Conversion Engineering Conference. August 19-24. 1994 (San Francisco, CA. American Nuclear Society, 1084), Paper No 849251 



Figure 4*5.— Aerial View of a Multi-Megawati PV Central Station Powerptant Under Construction 




SOURCE- ARCO Solar, fnc 
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Such systems now are being developed and may 
be available during the 1990s. 

Equipment lifetimes of up to 30 years are an- 
ticipated, but they will depend mostly on the life- 
time of the modules, the trackers (if they are used) 
and the PCS, and the lifetimes for all three types 
of equipment are still uncertain. By far the most 
important component in this regard is the mod- 
ule; degradation and failures may seriously 
shorten its life. 

Capacity factors will differ noticeably from sys- 
tem to system, depending on the general design 
features as well as on the location of the system 
and atmospheric conditions. In this analysis, ca- 
pacity factors 11 for fixed flat-plate systems vary 
little— they range from 20 to 25 percent in Bos- 
ton to 25 to 30 percent in Albuquerque. The ca- 
pacity factors for tracking flat-plate systems are 
assumed to range from 30 to 40 percent, 12 
though, this has yet to be verified nationwide. 
The capacity factor for concentrator systems 
varies by a larger margin by location— from 20 
to 25 percent in Boston and Miami, to 30 to 35 
percent in Albuquerque. 

The modules and the balance of system (BOS) 
jointly determine capital costs and efficiency. 
Module cost and efficiency, as discussed above, 
depends on whether the system utilizes flat-plate 
modules or concentrator modules. Regardless of 
module or whether the array is fixed or tracking, 
BOS efficiencies are likely to fall within the same 
rough range. The costs of the BOS, however, will 
vary greatly, depending on whether or not a 
tracking system is used. 

The typical multimegawatt flat-plate module PV 
station in the 1990s probably will produce elec- 
tric power with an efficiency between 8 to 14 per- 
cent. Capital costs are expected to range between 
$1,000/kWe and $8,000/kWe in Albuquerque, 
and higher elsewhere in the country. Installations 
using concentrator modules should be more 
efficient— with a 1 2 to 20 percent efficiency. Cap- 
ital rosts for concentrator modules in Albuquer- 
que sk be between $1 ,000/kWe and $5,000/ 

"Capacity taUor is the ratio of the ^.nual energy output (kWe 
(AO) of a plant to the energy output (kWe (AO) it would have had 
if it operated continuously at its nominal peak opera; ing conditions 

"OTA staff interview with D C Schueler, Manager, Solar Energy 
Department, Sandia Laboratories, Albuquerque, NM, Aug 7, 1984 



kWe; costs will be higher in areas with lower 
levels of direct sunlight. 

Cost reductions and performance improve- 
ments in PV systems will require the deployment 
of highly automated processes capable of mass 
producing cells as well as efficiently producing 
other components, such as tracking equipment 
and lenses for concentrators. 

Another important element of cell costs will be 
the cost of silicon. If cell costs are to be driven 
down, either the quantity of silicon consumed 
per kilowatt-electrical of cell produced must be 
reduced; or silicon costs must be lowered either 
through new production techniques or by an ex- 
pansion of silicon production capacity. More 
material-efficient cells are being developed which 
require less silicon per kilowatt-electrical pro- 
duced. 13 Efforts are also underway to develop sili- 
con production processes which can produce 
low-cost silicon. There is a fair chance that these 
silicon production processes wi'l be successfully 
developed and available- in the 1990s. 14 And evi- 
dence indicates that the additional silicon pro- 
duction capacity will be built when needed. 15 

PV plants should have low operating and main- 
tenance costs— probably ranging from 4 to 28 
mills/kWh in the 1990s. These estimates are 
highly uncertain, though, and will only become 
more definite as more systems are placed in the 
field. Questions about module lifetimes, tracker 
problems, and difficulties with the PCS make 
operating and maintenance (O&M) cost projec- 
tions uncertain. 

Two other areas of uncertainty may increase 
O&M costs. The first is that dirt accumulating on 
the modules may reduce their efficiency. 16 Rain 

' 'A good discussion of silicon and its importance as a driving force 
behind the development of alternative PV technologies can be 
hund in Paul D Maycock and Vic S. Sherlekar, Photovoltaic Tech- 
nology, Performance, Cost and Market Forecast to 1995 A Strate- 
gic Technology & Market Analysis, op. cit , 1984 

,4 Leonard j Reiter, A Probabilistic Analysis of Silicon Cost (Pasa- 
dena, CA jet Propulsion Laboratory, 1983), DOE/JPL/1012 

^Robert V. Steele, "Strategies On Poly," Photovoltaics Interna- 
tional, vol II, No 4, August/September 1984, pp. 6-8 

,6 For example, in a module performance evaluation program con- 
ducted by the MIT Lincoln Laboratory and the Jet Propulsion Lab- 
oratory, "the greatest single cause of power loss has been soil ac- 
cumulation ' (Edward C Kern, Jr , and Marvin D Pope, 
Development and Evaludtion of Solar Photovoltaic Systems Final 
Report (Lexington, MA MIT, 1983), , ^E/ET/20279-240 



ERLC 



93 



64 • New Electric Power Technologies- Problems and Prospects for the 1990s 



has been found to be an effective cleaner, but 
often the best areas for photovoltaics have little 
rain. With flat-plate systems, dirt does not seem 
to be as much of a problem as with concentra- 
tors. The second problem is wind uc mage. Most 
existing photovoltaics and solar thermal plants 
have suffered damage from wind blown sand, 
though methods to prevent this are being de- 
veloped. 

Solar Thermal-Electric Powerplants 

Technology Descriptions.— Solar thermal-elec- 
tric plants convert radiant energy from the Sun 
into thermal energy, a portion of which subse- 
quently is transformed into electrical energy. 
Among the systems, there are four which, with 
some feasible combination of reduced costs and 
risks and improved performance, could be de- 
ployed within the 1990s in competition with 



other technologies and without special and ex- 
clusive Government subsidies. They are central 
receivers, parabolic troughs, parabolic dishes, 
and solar ponds. Brief descriptions of these tech- 
nologies are provided below. 

Central Receiver.— A central receiver is charac- 
terized by a fixed receiver mounted on a tower 
(see figure 4-6). Solar energy is reflected from a 
large array of mirrors, known as heliostats, onto 
the receiver. Each heliostat tracks the Sun on two 
axes. The receiver absorbs the reflected sunlight, 
and is heated to a high temperature. Within the 
receiver is a medium (typically water, air, liquid 
metal, or molten salt) which absorbs the re- 
ceiver's thermal energy and transports it away 
from the receiver, where it is used to drive a tur- 
bine and generator, though it first may be stored. 

Parabolic Dishes.— Parabolic dishes consist of 
many dish-shaped concentrators, each with a re- 



Figure 4-6.— The Solar One Powerplant 



v 



SOURCE Southtm California Editon Co 
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ceiver mounted at the focal point. The concen- 
trated heat may be utilized directly by a heat en- 
gine placed at the focal point (mounted-engine 
parabolic dish); or a fluid may be heated at the 
focal point and transmitted for remote use (re- 
mote-engine parabolic dish). Each dish/receiver 
apparatus includes a two-axis tracking device, 
support structures, and other equipment (see 
figures 4-7, 4-8, and 4-9). 

Solar Troughs.— With a parabolic trough, the 
concentrators are curved in only one dimension, 
forming long troughs. The trough tracks the Sun 
on one axis, causing the trough to shift from east 
to west as the Sun moves across the sky. A heat 
transfer medium, usually an oil 9t high tempera- 
ture (typically 200 to 400° C), is enclosed in a 
tube located at the focal line. The typical instal- 
lation consists of many troughs (see figure 4-10). 

The oil-carrying tubes located at their focal lines 
are connected on each end to a network of larger 



pipes. The oil is circulated through the tubes 
along the focal lines, flows into the larger pipes, 
and is pumped to a central area where il can be 
stored in tanks or used immediately. In either 
case, it ultimately passes through a heat ex- 
changer where it transfers energy to a working 
fluid such as water or steam which in turn is 
routed to a turbine generator. At the Solar Energy 
Generating units in southern California, the only 
large trough installations in the United States, the 
oil's heat is supplemented with a natural gas-fired 
combustion system to obtain adequate steam 
temperatures to drive the turbine. After passing 
through the steam generator. The oil is used to 
preheat water destined for the steam generator; 
the oil may be returned to the trough field. 

Solar Pond. —In an ordinary body of open 
water, an important mechanism which influences 
the thermal characteristics of the reservoir is nat- 
ural convection. Warmer water tends to rise to 



Figure 4-7.— An Artist's Conception of a Multl-Magawtft Parabolic Dish Installation 




SOURCE McDonnoH Douglas Corp. brochure. 



o 
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Figure 4-8.— View of the LaJet Energy Co.'s Solarplant 
1 in Southern California 




Note the extensive network of pipes which carry water and steam 
through the field. 

SOURCE OTA staff photo 



Figure 4-9.— An Employee of the LaJet Energy Co, 
Inspecting One of the 24 Mirrors Which Are 
Assembled Below Each Individual Receiver 




The mirrors are made of hoops over which a sheet of reflective poly- 
mer is stretched 



SOURCE OTA staff photo 



the surface; and if the water is warmer ihan the 
amhient air, it tends to lose its heat to the atmos- 
phere. A solar pond (see figure 4-1 1 ) is designed 
to inhibit this natural process. The creation of 
three layers uf water, with an extremely dense 
layer at the bottom and the least dense layer at 
the top, interferes with the movement of warmer 
bottom waters toward the surface. Salt is used 
to increase the density of the bottom layer, form- 
ing r brine, to the point where its temperature 
can io as high as 227° F. The heat in this bot- 
tom layer can then be drawn off through a heat 
exchanger, where the brine transfers its heat to 
an organic working fluid which in turn can drive 
an engine to produce electric power. 

General Overview,— Within most of the above 
mentioned technologies, many variations now 
exist or could exist. The discussion here is con- 
fined to those variations which appear to affect 
prospects for solar thermal-electric systems in the 
1990s. The discussion is intended to be a brief 
survey rather than exhaustive examination of the 
technologies. 

Each technology is characterized by a particu- 
lar set of advantages and disadvantages (see t? 
ble 4-3) which together define its prospects this 
century. All of the technologies share a principal 
disadvantage in that costs and performance are 
currently uncertain. The level of uncertainty can 
only be reduced sufficiently as commercial-sized 
units are deployed and operated. In some cases, 
research and development hurdles must still be 
solved before commitments are likely to be made 
to early commercial units. Until this occurs, the 
chances for widespread commercial application 
for any one technology during the 1990s are quite 
small, regardless of the technology's ultimate 
promise. At least one operating system is required 
to reduce cost and performance uncertainty to 
a level where it no longer is a primary impedi- 
ment to extensive investment; and perhaps sev- 
eral units— including early commercial units- 
would be necessary. The time and expense asso- 
ciated with these early demonstration and com- 
mercial units are critical elements in determin- 
ing the commercial prospects of the solar thermal 
technologies in the 1990s. 
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Figure 4-10. -Aerial View of the SEQS I Trough Solar Electric Plant (fer tide of the rood) 





On the near side of the road is the SEGS l-Plus system, presently under construction Inset: Close-up view of parabolic trough collector 

SOURCES Southern California Edison Co and LUZ Engineering Corp 



While the need to reduce uncertainty is of 
prime importance, efforts to improve cost and 
performance through continued research and de- 
velopment also could enhance the prospects for 
the technologies in the 1990s. The primary R&D 
needs are different for each technology though 
generally efforts directed towards the develop- 
ment of low-cost, durable, and efficient concen- 
trators, receivers, and heat engines are most im- 
portant. 17 Also very important will be the need 

,7 More detailed information on R&D needs for solar thermal tech- 
nologies can be found in Sandia National Laboratories, U S De- 
partment ot Energy, Fi\c Year Research and Development Plan 
J 985- 1989, draft (Livermore, LA Sandia National Laboratories, De- 
cember 1984), and Edward I H Lin, A Review ot the Salt Gradient 
Sob r Pond Te<hnoh$\ (Pasadena, CA Jet Propulsion Laboratory, 
1982), DOE/SF-2JSJ-1 



for adequate data on the solar resource across 
the country. 18 

Solar Ponds and Central Receivers.— Neither 
solar ponds nor central receivers appear to re- 
quire major technical breakthroughs before they 
can be commercially applied. But because no 
commercial-scale solar ponds or central receivers 
are now operating in the United States, because 
none are now under construction in this coun- 
try, and because of the long lead-times expected 
for the installations, it will be very difficult to de- 
ploy enough demonstration and early commer- 



,fl B P Gupta, Solar Thermal Research Program, Annual Resea r h 
Plan, Fiscal Year 1985 (Golden CO Solar Energy Research Insti- 
tute, 1984) 
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Figure 4-11.— Solar Pond Powerplant Concept 
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SOU "*CE E I H Lin and R L French ^egronafApphcabtttty and PottmiatQf §Mli-6raai~6ht$oter Ponds w the United States (Pasadena. CA Jet Propulsion Laboratory, 



1982) 



Table 4 3 —Advantages and Disadvantages of Solar Thermal Electric Systems 









Technology 












Parabolic dishes 


Parabolic dishes 


Central 


Characteristic 


Solar ponds Solar troughs (mounted-engine) 


(remote engine) 


receiver 


1 n^ 0 nstrated in U S at commercial scale? 


No(-) 


Yes ( + ) 


Yes ( + ) 


Yes < + ) 


No(-) 


2 Privately financed plants now operating? 


No(-) 


Yes ( + ) 


No(-) 


Yes (+) 


No(-) 


3 Nonelectric/repowering/cogeneration 












market? 


Yes ( + ) 


Yes ( + ) 


No(-) 


Yes (+) 


Yes (+) 


4 Overall efficiency 


very low (-) 


low (-) 


rugn ( + ) 


lew {-) 


med (•) 


5 Number o' engines/kWe 


low ( + ) 


low ( + ) 


high (-) 


low ( + ) 


Icr {+) 


6 Degree of modularity 


low (-) 


low (-) 


high ( + ) 


low (-) 


low (-) 


7 Able to use indirect or diffuse sunlight? 


yes ( + ) 


no(-) 


no (-) 


nc(-) 


no(-) 


8 Thermai storage capability of 1 hour 












or more? 


yes ( + ) 


yes ( + ) 


no(-) 


yes (-) 


yes ( + ) 


9 Supplementary fuel required? 


no( + ) 


yes (-) 


no ( + ) 


no( + ) 


no ( + ) 


10 Water requirements 


hmh (-) 


med (•) 


low ( + ) 


med (•) 


med (•) 


Total, all categories. 












+ {major advantages) 


5 


5 


5 




5 


- (major Disadvantages) 


5 


4 


5 


4 


4 


• (moderate advan/disadvan) 


0 


1 


0 


1 


2 


Total, categories 3-10 












+ (major advantages) 


5 


3 


4 


3 


4 


- (major disadvantages) 


3 


4 


4 


4 


2 


• (moderate advan/disadvan) 


0 


1 


0 


1 


2 



SOURCE Office of Technology Assessment 
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cial units quickly enough to sufficiently reduce 
uncertainty about cost and performance. Further- 
more, the expense of such early units is high 
enough that it is very unlikely that any entity or 
group of entities outside of government presently 
would invest in such units without specia' gov- 
ernment incentives. In short, the time and ex- 
pense associated just with reducing risks for these 
two technologies strongly mitigate against the 
provision of sizable amounts of electric power 
by the technologies within the 1990s. It is likely 
that only a sizable anc' immediate government 
intervention to encourage rapid deployment of 
demonstration units and subsequent units could 
reduce uncertainty to the point where it no longer 
is a major impediment to commercial investment 
in the 1990s. 

Should such intervention occur and if the po- 
tential advantages of the solar ponds and central 
receivers are realized, both technologies offer 
favorable balances of advantages and disadvan- 
tages which could stimulate considerable private 
investment in the 1990s. Between the two tech- 
nologies, the central receiver probably would be 
most widely deployed. Solar ponds must be lo- 
cated in areas where land, water, and salt are 
plentiful. Such sites are far less common than the 
sites available to central receivers, which require 
considerably less land, less water, and do not re- 
quire such large quantities of salt. Siting options 
therefore are greater with the central receiver. 19 

Furthermore, the central receiver is a more ma- 
ture technology. A 10 MWe (net) pilot facility, 
Solar One, has operated successfully in southern 
California since 1982; and a small experimental 
facility, rated at 0.75 MWe (gross) has been oper- 
ated in New Mexico. 20 Small central receivers 
also have been built and opeiated overseas, but 
no solar pond has ever produced electric power 
in the United States. However, a 5 MWe unit is 
in operation in Israel and several ponds have 

'^For j discussion of the solar pond's prospects in California, and 
of the limitations regarding sites, see Marshal F Merriam, Electri- 
city Generation from NonConvective Solar Ponds in California (Ber- 
keley, CA Universi'ywide Fnergy Research Croup, December 

1983) , UER-109 

'"John T Holmes, "The Solar Molten Salt Electric Experiment," 
Advanced Energy Systems- Their Role m Our Future Proceedings 
of the 19th Intersoc lety energy Conversion Engineering Conference, 
Aug 19 24, 1984, (San Francisco, CA American Nuclear Society, 

1984) . Paper 849S21 



been built and operated in the United States and 
elsewhere for applications other than the produc- 
tion of electricity. The solar pond concept how 
ever is considered to be well established and the 
successful commercial deployment of the tech- 
nology is not expected to require any major tech- 
nical breakthroughs. 21 

Parabolic Troughs and Dishes.— Unlike the 
ponds and central receivers, parabolic dishes and 
parabolic troughs already have been deployed 
in commercial-scale units. Indeed, commercial 
installations fmanced by private investors assisted 
by the Renewable Energy Tax Credits now arc- 
operating. Further demonstration and early com- 
mercial units are being planned over the next 5 
years, though the extent to which the plans are 
realized depends heavily on Government tax pol- 
icies or funding. As current units continue to 
operate, and as new units are added, the level 
of uncertainty and risk associated with the tech- 
nologies will continue to drop. 

At present, the parabolic trough is the most 
mature of the solar thermal electric technologies, 
with commercial units operating, under construc- 
tion, and planned. Nearly 14 MWe (net) of pri- 
vately financed capacity already is operating in 
southern California at the Solar Electric Gener- 
ating System-I (SEGS-I); an additional 30 MWe 
(net), the Solar Electric Generating System-ll 
(SEGS-II), now is being built. Additional capac- 
ity— 1 50 MWe or more— may be added by early 
1989, if the energy tax credits are extended in 
some form. Whatever the case, by 1990 more 
commercial experience will have been logged 
with this technology than any other solar thermal- 
electric alternative. The resultant low level of risk 
will constitute an important advantage for this 
technology. Other important advantages will be 
the technology's inherent storage capacity .snd 
the relatively wide variety of markets to which 
it could be applied— including industrial process- 
heat applications. 



"See 1) Massachusetts Institute of Technology, A Stateotthe- 
Art Study of Nonconvective Solar Ponds for Power Generation (Palo 
Alto, CA Electric Power Research Institute, January 1985), EPRI AP- 
3842 2) Edward I H Lin, A Review of the Salt Gradient Solar Pond 
Technology, op cit , 1982 
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But the troughs are saddled with several seri- 
ous disadvantages which to some extent will con- 
strain deployment. The technology's low effi- 
ciency is its most serious disadvantage. Another 
is the need by the SECS units for a supplemen- 
tary fuel such as oil or gas, ind for considerable 
volumes of water. Finally, the system of conduits 
through which the heat-absorbing oil flows may 
develop problems or the oil itself may degrade 
at an excessive rate; these potential problems 
have not yet materialized at the SEGS-i installa- 
tion, but further operating experience is required 
before long-term performance can be proven. 

Two types of parabolic dishes may be de- 
ployed in the 1990s: the mounted-engine para- 
bolic dish and the remote-engine parabolic dish. 
Each offers many design options. The primary ad- 
vantages of the mounted-er.gine units are their 
high efficiencies, low water consumption, and 
ability to operate without supplemental fuel. The 
small size of the basic electricity-producing mod- 
ule also carries with it advantages. The system 
may be installed in many sizes, and multimodule 
installations may produce electric power long be- 
fore the full installation is completed; individual 
modules or groups of modules may begin oper- 
ating while others are being installed. Together 
these advantages provide the technology with 
considerable siti ng flexibility and potentially very 
short lead-times. 

The largest disadvantage of the mounted-engine 
unit is the relatively high level of uncertainty 

:>ut its performance, and the possibility that the 
ines may require an excessive amount of 

dintenance. Only ihree commercial-scale dem- 
onstration units— at about 25 kWe (net) each- 
had been deployed by May 1 985, and few are 
scheduled to be deployed by 1990; no commer- 
cial installation yet exists, or is under construc- 
tion. Other disadvantages include the lack of stor- 
age capacity and the inability to readily adapt the 
technology to cogeneration or nonelectric appli- 
cations. 

The remote-engine dishes, like the trough*, en- 
joy the advantage of being used at present in a 
commercial installation. A 3.6 MWe system, built 
by Lajet, Inc., now is operating in southern Cali- 
fornia. Aiso, like the troughs, the remote-engine 
technology may use as few as one or two engines; 



engine-related O&M costs therefore could be 
much lower than those of the mounted-engine 
parabolic dishes. The remote-engine technology 
in addition may be easily used for nonelectric ap- 
plications. The Lajet design at present does not 
require a supplemental fuel. 

But the remote engine technology is inefficient; 
much heat is lost as the heat transfer fluid is 
pumped from the collector field *o the turbines. 
Also, the system has little storage capacity; elec- 
tricity production therefore cannot be deferred 
for very long. And unlike the mounted-engine 
units, the remote-engine technology consumes 
sizable volumes of water. 

Both dishes and troughs suffer from the same 
serious problem— they lack the cost and perform- 
ance certainty which can only be gained through 
more commercial-size operations This mitigates 
against private sector investment which is not in 
some manner accompanied by government sup- 
port. At the current pace, it is uncertain whether 
the situation will change ever the next 5 to 10 
years. 

Generally, capital co^ts will have to be reduced 
and performance improved if the technologies 
are to be deployed To some extent this can be 
fostered by research oriented towards incre- 
mental improvements of the commercial-scale 
systems now operating. The most useful research 
would concentrate on low-cost, durable, and 
highly reflective reflector materials and inexpen- 
<^e, long-lasting receivers and engines. But if the 
technologies are to be extensively deployed in 
the 19S =>, the greatest overall need is to reduce 
uncertainty and thereby increase demand to the 
point where economies of scale can drive costs 
down. 

By virtue of the fact that commercial-scale sys- 
tems now are operating for troughs and dishes, 
the level of cost and performance uncertainty 
among the troughs and dishes will be consider- 
ably lower than the uncertainty associated with 
the cenfal receiver and ponds in the 1990s. Be- 
tween troughs and dishes, uncertainty will be 
lowest for troughs, highest for the mounted- 
engine dishes, and somewhere in between for 
remote-engine dish systems. 
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The rnounted-engine dishes, in particular could 
benefit from greater deployment of commercial- 
scale units A considerable reduction in uncer- 
tainty and greatly improved commercial pros- 
pects might result. Under such conditions, the 
mounted-engine parabolic dishes could eliminate 
the current lead enjoyed by parabolic troughs 
among the solar thermal technologies. If the en- 
gines perform well, the parabolic dish technol- 
ogy could well become the prevalent choice for 
solar thermal electricity production in the 1 990s. 

Typical Solar Thermal-Electric Installation for 
the 1990s. - The precise cost and performance 
of the solar ihermal-electric systems in the 1990s 
will vary widely according to system design, loca- 
tion, overall market size, risk, and many other 
factors. No attempt hen* is made to fully discuss 
the cost, performance, and uncertainty of all the 
many solar thermal technologies. Rather, a sin- 
gle technology— the mounted-engine parabolic 
dish— is examined in fuller detail and used for 
reference purposes. The cost and performance 
numbers shown in appendix A, table A-2 for the 
mounted-engine parabolic dish installation in the 
1990s represent reasonable estimates, but obvi- 
ously should be viewed with caution. 

By 1995, mounted-engine parabolic-dish plants 
might account for up to 200 MWe of installed ca- 
pacity. The deployment level depends mostly on 
the extent of Government support over the next 
5 to 10 years— primarily the Renewable Energy 
Tax Credit— and avoided cost rates. 

The reference plant used in this analysis con- 
sists of 400 electricity producing modules, each 
independently tracking the Sun and producing 
electric power. The plant would have a gross ca- 
pacity of 10.8 MWe and a net capacity of 10.2 
MWe— the 0.6 MWe difference goes primarily to 
driving the tracking motors which keep the dish 
properly oriented toward the Sun during the day, 
and to cooling the engine. Other equipment re- 
quired on the site include a central control unit, 
electric power subsystems, buildings, mainte- 
nance facilities, and other equipment 72 



The amount of time required to build the plant 
should be very short, perhaps 2 years. The great- 
est uncertainty in this estimate lies with permit- 
ting and licensing. A large area of land— approx- 
imately 67 acres— would be required for the 
installation; the impacts of the development 
would be extensive. The most obvious impact 
would be visual, arising from the modules, roads, 
and transmission lines (see figure 4-7). Serious im- 
pacts on the soil and vegetation of the area could 
also occur. Installations in the 1990s probably 
would be concentrated in arid areas which have 
fragile soil and plant communities. Regulatory de- 
lays coulcJ result from concerns overall these im- 
pacts. Indeed, such problems reportedly have de- 
layed the planned expansion of Lajet's Solarplant 
1 facility in southern California (see box 7B in 
chapter 7). 

The overall operating availability 23 of the instal- 
lation coulJ be quite high for several reasons. 
Routine maintenance could be conducted at 
night. Should a module not be working during 
the day, its incapacity would not impede the 
operation of other modules. As long as large num- 
bers of unpredictable failures do not occur (as 
for example might happen after a severe and 
damaging storm), ih?n high operating availabil- 
ities for the system as a whole can be maintained. 
The reference system used in this analysis is 
characterized by operating availabilities of 95 
percent. 

The expected plant lifetime is 30 years. Many 
of the components are relatively simple and dura- 
ble The power conversion unit (PCU) located at 
the focal point, which uses relatively unproven 
technology, is the component which creates the 
greatest uncertainty about plant lifetime. It is an- 
ticipated, however, that with a regular and per- 
haps expensive maintenance program, this uncer- 
tainty can be greatly r?duced, although further 
development is needed to assure this. 



// W / h( re Stirling engines <\rv used, the other equipment mc lucJes 
systems whu h prrssun/- hydrogen tor use in the Stirling engines 



2 'Operating availability here refers to the average percentage of 
modules (apable of operating between sunrise and sunset A 95 
percent availability indicates that during the average day, 5 per- 
cent of the modules are not operating 
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Wind Turbines 

Introduction 

A wind turbine converts wind into useful me- 
chanical or electrical energy. Wind turbines may 
be classified according to the amount of electri- 
city they generate under specified wind condi- 
tions. A small turbine generates up to 200 kWe, 
an intermediate-sized turbine can deliver from 
100 to 1,000 kWe, and a large system may pro- 
duce more than 1 MWe. 

Since the early 1 970s, the development of wind 
technologies for electric power production has 
followed two relatively distinct paths— one di- 
rected towards small turbines and the other 
towards the large machines. As the efforts relat- 
ing to the large turbines bogged down with tech- 
nical and economic problems, the small turbines 
—aided by State and Federal tax incentives— 
progressed very rapidly. In the early 1980s, wind 
turbines were extensively deployed, mostly in 
California, where 8,469 turbines were operating 
by the end of 1984. The total capacity of these 
units was approximately 550 MWe. Almost all 
were erected at windy locations, in clusters called 
"wind farms." By the end of 1984, many thou- 
sands of wind machines, with a total installed ca- 
pacity of over 650 MWe, were producing elec- 
tric powei in the United States and almost all 
were small turbines (see figure 4-12). 

As operating experience accumulated with the 
small machines, both manufacturers and inves- 
tors began to gravitate towards intermediate-sized 
machines By the end of 1984, intermediate-sized 
machines were being deployed in small numbers. 
It is widely believed that if large numbers of wind 
turbines are to be manufactured and deployed 
in the 1990s, in free competition with other 
generating technologies, intermediate-sized ma- 
chines probabiy will be favored over both small 
and large machines. Only the intermediate-sized 
machines promise sufficiently cheap power with- 
out imposing unacceptable risks (figure 4-13 il- 
lustrates a intermediate-sized vertical-axis wind 
turbine). 

While it appears that the total installed capac- 
ity of wind turbines in the United States may ex- 
ceed 1 ,0u0 MWe by 1 985, the rate of subsequent 
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Figure 4-12.— Maintenance Crews Performing 
a Routine Inspection of a Small Wind Turbine 




\ 



SOURCE US Wirdpow«r, Ed Unton, Photograph* 

depioyment is a matter of speculation. Given the 
short time within which a wind farm can be de- 
ployed and operated— from 1 to 2 years, exclud- 
ing wind data gathering— growth under favora- 
ble circumstances could be extremely rapid. It 
is possible that the market potential for wind tur- 
bines could be as high as 21,000 MWe for the 
1990-2000 period. 24 

The areas most favored for wind farms are those 
with good wind resources, heavy reliance on oil 
or gas, and with an expected need for additional 
generating capacity. They are located mostly in 
California, the Northeast, Texas, and Oklahoma. 
There are, however, less extensive but neverthe- 
less promising opportunities elsewhere in the 
country, especially in parts of the Northwest, 
Michigan, and Kansas. 25 Most— though not all— 

24 Science Applications International Corp , Early Market Poten- 
tial tor Uttltty Applications of Wind Turbines, Preliminary Draft (Palo 
Alto, CA Electric Power Research Institute, December :984), EPRI 
Research Project 1976-1 

"Ibid 
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Figure 4-1 3.- A 500 kW Vertical-Axis Wind Turbine 




SOURCE Southern California Edison Co 



turbines probably will continue to be installed in 
relatively large wind farms rather than individu- 
ally or in small clusters. Figure 7-10 in chapter 
/ indicates the distribution of the wind resource 
and the areas of the United States where wind 
development is most favored. 

A Typical Wind Farm in the 1990s 

The reference wind farm used in this analysis 
is summarized in appendix A, table A-4. A typi- 
cal wind farm in the 1 990s may consist of up to 
several hundred, 200 to 600 kWe wind turbines; 
the reference wind farm consists of 50 turbines 
with ratings of 400 kWe each. Installations could 
vary widely in the number of turbines deployed 
or in their exact ratings. But based on current pro- 
jections, the important cost and performance 
characteristics would be common to the average 



facility considered by investors during that 
decade. 

In addition to the turbines themselves, related 
equipment will be necessary at the site, includ- 
ing power conditioning equipment, system pro- 
tection devices, security fencing, metering devices 
for measuring turbine output, wind measuring 
equipment for monitoring site conditions and 
equipment performance, control buildings, and 
a fabrication yard where equipment is stored and 
assembled. 26 

The turbines of the reference wind farm would 
be distributed over an area of anywhere from 300 
to 2,000 acres, dependinp on the topography, 
prevailing wind direction, the shape and orien- 
tation of the property on which the farm is lo- 
cated, and the size of turbines being used. The 
turbines are spaced to avoid excessive interfer- 
ence with each other. Because installation and 
maintenance of the turbines requires vehicular 
access, at least one road leads to a wind farm and 
to each individual wind turbine (see figure 4-14) 
unless topography, surface characteristics, and 
regulations allow access without roads. Since the 
performance of the turbines and the cost or their 
power depends directly on wind exposure, all 
major obstructions such as trees would be re- 
moved. 27 

It is evident that the major environmental im- 
pacts of wind farms will result from their initial 
construction as well as from their high visibility, 
their extensive road networks, and from the activ- 
ities of maintenance crews on the roads and 
around the turbines. - 8 Among the other impact*, 
the severity of which may be assessed less read- 
ily but which nevertheless are considered poten- 
tially serious, are those associated with the noise 
created by turbine operation. 

Concern over environmental impacts could 
seriously delay the deployment of wind turbines. 



2f, Sam Sadler, et dl , Windy Land Owners' Guide (Sdiem, OR. Ore- 
gon Department ot Energy, 1984), p 17 

27 U should be noted that many prime wind sites, being exposed 
to frequent high velocity winds, are inhospitable environments for 
:rees and therefore frequently are devoid of large, upright trees 
which could be considered serious obstruction* 

'""Wind Farms, Timber Logging May Have Similar Environmental 
Impacts, Harvard's Turner Says," Solar Intellt^erre Report, Nov 
26, 1984, p *7S 
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Figure 4-14.— Aerial View of a Wind Farm in the Altamont Pass in California 
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The control building and the substation are in the foreground. Note the extensive network of roads required for access to the turbines. 

SOURCE U S Windpower, Ed Linton, Photographer 



Serious delays could also result from unfamihar- 
ity with the technolc gy among regulators and the 
public; from the lack of regulations and proce- 
dures to expedite the handling of proposals affect- 
ing wind farms; and from the lack of adequate 
numbers of knowledgeable regulators, especially 
at the local level. Consequently, while the lead- 
time expected of a typical wind farm is 1 to 2 
years, regulatory delays may stretch that period 
considerably. 

Wind Farm Performance.— One measure of a 
wind farm's performance is its overall capacity 
factor, i.e., its actual output over a given period 
of time as a fraction of what it would produce 



were it to operate at full rated capacity during 
the same period of time. This indirectly reflects 
generator and rotor size, operating availability, 
the quality of the available wind resource, and 
the ability of the individual machines to fully ex- 
ploit the resource. While data on these variables 
can be determined independently, actual capac- 
ity factors depend on interrelationships among 
all five under real operating conditions. 

At present, the best means of estimating future 
capacity factors if by first examining current ca- 
pacity factors. The trend has been towards higher 
capacity factors, especially js operating availabil- 
ity improves and as wind farms continue to be 
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sited in windy areas. Under these favorable con- 
ditions, typical capacity factors between 20 and 
35 percent are expected in the 1990s as the 
intermediate-sized turbine technology matures 

As the performance of wind turbines improves 
and is better understood, one especially large un- 
certainty still remains in estimating the annual 
outputs of turbines in the 1990s: the quality of 
the wind resource to which the turbines will be 
applied, Today's turbines are exploiting some of 
the best wind resources available. But new sites 
will be required, and the average quality of new 
sites probably will decline. High capacity factors 
will be progressively more difficult to maintain. 
At present, it is difficult to predict what wind re- 
gimes will characterize new sites exploited in the 
1990s, because sufficiently detailed, site-specific 
wind data are not yet available in most instances. 
Information is accumulating, however, and it sug- 
gests that there remain considerable areas of land 
available with high-quality wind resources. 

The lifetime of a wind farm is somewhat diffi- 
cult to determine because individual turbines and 
even components of turbines can be replaced as 
needed; in a sense, the wind farm itself can out- 
live any of its individual components. Generally, 
the components of a wind farm in the 1990s will 
be designed to last 20 to 30 vears, though some 
key components— such as the rotor— may fail and 
be replaced before that time. 

Wind Farm Costs.— The average capital cost 
for wind turbines installed on California wind 
farms in 1984 was $1,860/kWe. 29 This capital cost 
however is heavily inflated as a result of the 
financing arrangements associated with current 
projects; one observer has estimated that in fact 
actual costs would be closer to $1,330/kWe if the 
financing mechanisms typical of utilities were 
used. 30 

The capital costs of the typical wind farm in the 
1990s may range from $900 to $1,200/kWe. The 
reduced capital cost will result both from design 

^Conversation betweer Mike Batham, California Energy Com- 
mission, and OTA staff, Feb 5, 1985 See also "California AHHs 366 
MWe of Wind Capacity, Size, Capacity Factor Up/' Solar tnergy 
Intelligence Report, Jan 28, 1985, p 30 

,0 Donald A Bam, Wind Energy Specialist, Renewable Resources, 
Oregon Department of Energy, conversation with OTA staff, June 
11, 1985 



improvements and from the more competitive 
market expected when the current favorable tax 
treatment is phased out. Termination or phase- 
out of the Federal and California State tax credits, 
for example, would very likely contribute to de- 
creases in the capital costs. 

Operating and maintenance costs for the wind 
farms of the 1990s could range between 6 and 

14 mills/kWh. Available evidence indicates that 
costs for small turbines in 1984 ranged between 

15 and 25 milis/kWh. 31 The high O&M costs 
which thus far have been incurred can be at- 
tributed to the fact that the first generations of 
machines, those deployed in the early 1980s, 
were plagued with mechanical problems. Changes 
in two areas will stimulate the reduced O&M 
costs: smailer numbers of turbines per kilowatt- 
hour generated and improved turbine design. Of 
central importance will be the maintenance of 
high operating availability. 

An important cost associated with wind-gen- 
erated electric power is the cost of access to the 
wind itself— if indeed access can be gained at any 
cost. The fee charged by the landowner typically 
is either in the form of a minimum rent, royalty 
payments, or some combination of the two. 32 
Costs of access have increased substantially; land- 
owners have already begun to appreciate the 
value of prime sites, particularly in California. 33 
There, in 1984, annual land charges commonly 
amounted to 6 to 13 percent of gross revenues 
from the sale of the electricity over the lifetime 
of the contract negotiated between the developer 
and the landowner. 34 

The prospects for wind turbines in the 1990s 
would be enhanced by research and develop- 
ment. Among the most important R&D items are 
the need to better understand turbulence and 
predict its effects; to more readily and accurately 



,! "Wmd furbme Operating Experience ^nd Trends," EPRI Jour- 
nal, November 1984, pp 44-46 

,J For a discussion of the determination o! wind resource value 
and contractual arrangements see Sam Sadler, et at , Windy Land 
Owners' Guide, op cit , 1984 

"Teknekron Research, Cost Estimates and Cost -Forecasting Meth- 
odologies for Selected Non-Conventional Electrical Generation 
Technologies (Sacramento, CA California Energy Commission, May 
1982) 

"Conversation between Mike Batham (California Energy Com- 
mission) and OTA staff, Nov 30, 1984 
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model structural dynamics; to better predict noise 
problems, to accurately model wind farm cost 
and performance; and to develop, test, and 
characterize materials and components The de- 
velopment of cheap, reliable, and accurate wind 
measurement instruments <^ well as better un- 
derstanding and prediction of the wind's char- 
acteristics abo are needed. Detailed and accurate 
assessments ot the wind resource nationwide are 
necessary too iS 

Geothermal Power 

Introduction 

Geothermal energy is heat stored beneath the 
Earth's surface. The U.S Geological Survey 
(USGS) estimates as much as 1.2 million quads 
(a quad is 10 ,s Btu and is equal to 293 billion 
kWh) of accessible geothermal resources underlie 
3.4 million acres of U.S land, mostly within the 
western third of the country. 16 Only a small por- 
tion of the resource— approximately 3.8 percent 
of the total— occurs as hydrothermal resources- 
superheated water contained ma permeable rock 
formation and trapDed below a layer of imperme- 
able rock. The locations of major hydrothermal 
resources in the United States are provided in fig- 
ure 7-9 of chapter 7. Steam (vapor-dominaied re- 
sources) or water (liquid-dominated resources) 
convectively circulates towards the surface within 
the permeable rock formation. It is the hydrother- 
mal resources which will continue to provide 
most ot the geothermal electric development in 
the 1990s 

The temperature and quality of hydrothermal 
resources vary greatly. While a portion of the 
hydrothermal resource is very hot, most— roughly 
tw> thirds ot the identified resources— are in the 

' for a more detailed (list ussion ol RM) needs and plans see 
1 1 Solar lnrri»\ Research Institute U ind /noWrv R&D Planning 
\\nrk\hofis Summan Report (Washington LX US Department 
ot fneri»\ |ul\ 1^84 J) State ot Oregon Department ot Energy 
fin.il Report ot the \\ md hn^\ fasA four To the Oregon Alter- 
nate tnety\ Department ( ommwon (Salem, OR Oregon Depart- 
ment ot lnerg\ 1^80) pp SO =>_> i) U S Department ot Energy 
Wind f nerg\ Te< hnoiogv Division Federal Wind Energy Program 
fi\e)eai Re^e.mh Pbn > 1WO rt;r.»m (Washington DC US 
[)()f 

M l S deologstal Sur\e\ it S(jSi \wssmrnt ot Geothermal Re 
sources ot the ( nited ^t.ite^ fO* t I P Muttler (ed ) (Washing- 
ton IK 1 1 S Depa rt ment ol the Interior H79), USGS c ircu'ar 790 

o 
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moderate temperature range (150 to 250° F). 37 
Geothermal development has in the past focused 
on the high-quality, vapor-dominated reservoirs, 
which are confined to limited areas of the United 
States. 

The equipment requ ired to exploit these high- 
quality resources is commercially available, and 
no major changes in the basic characteristic of 
the technology is likely during this century. There 
are available improved technologies, however, 
which not only could more economically exploit 
the high-quality resource, but also may economi- 
cally tap the much more plentiful resources ot 
lesser quality. Among these are single-flash, dual- 
Hash, binary, and total flow systems. 

The single-flash technology has been commer- 
cially deployed in the United States. Because this 
analysis focuses on technologies which are not 
already technologically mature, the single-flash 
technology wi'l not be examined here. The total 
flow systems also will not be discussed, since they 
either require considerable further technical de- 
velopment, or will be applied only to a small 
number of high-quality sites in the United States. 
The total flow systems therefore are unlikely to 
constitute more than a small fraction of geother- 
mal capacity additions in the 1990s. The dual- 
flash and binary systems will constitute the most 
important new technologies applied to the liquid- 
dominated geothermal resource in the 1990s, 
and, therefore, are the subject of this analysis. 

Geothermal Power Technology 

Before the resource is exploited to produced 
electric power, it must be located and assessed. 
This itself is a time-consuming, expensive proc- 
ess i nvolvmg its own particu lar set of technologies 
and problems. Ultimately, resource assessment 
requires building roads, transporting drilling 
equipment to the site, constructing the rigs and 
drilling. Once the resource has been satisfactorily 
measured, the thermal energy next must be 
brought to the surface where it can be used. This 
too involves particular technologies and difficul- 

r M Nathenson, "High-Temperature Geothermal Resources in 
Hydrothermal Convection Systems in the United States," Proceed- 
ings ot the Sexenth Annual Geothermal Conference and Workshop, 
Altas Corf) (ed ) (Palo Alto, CA Elect nc Power Research Institute, 
1985), EPRI AP-3271, pp 7 I to 7-2 
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ties. An especially important technological hur- 
dle which remains to be satisfactorily overcome 
is the development of cheap, reliable "down- 
hole" pumps capable of moving the brine from 
the underground reservoir, and subsoouently 
reinjecting it. While the brine is at the surface, 
a poition of its thermal energy is drawn off and 
used to produce electric power. 

Dual-Flash Systems.— Figure 4-15 illustrates the 
typical dual-flash unit. When liquid-dominated, 
high temperature brine— 300 to several thousand 
pounds per square inch (psia) and 410 to 600 ° F 
—reaches the surface, a portion of the brine 
"flashes" into steam. First, a high pressure flash- 
tank processes the geothermal brine into satu- 
rated steam and spent brine. The steam enters 
one inlet of a dual-inlet tu r bine, while the un- 
flashed brine goes on to a second, lower pres- 
sure flash-tank. The second-stage flash-tank 
produces further steam which is routed to the 
other inlets of the turbine. The remaining un- 
flashed brine then is reinjected underground. 



After exiting the turbines, the steam passes 
through a condenser, where it transfers its heat 
to a stream of cooling water. The cooling water 
is then routed to a cooling apparatus. Current de- 
signs use "wet cooling" devices in which the hot 
water is sprayed into the air and discharges its 
heat most / through evaporation. The remaining 
water is recirculated to the condenser to repeat 
the cycle, along with "make-up" water required 
to compensate for evaporative losses. The con- 
densed steam from the turbine is reinjected into 
the geothermal reservoir to help maintain reser- 
voir pressure. 

The make-up water requirements may be ex- 
tremely large. The 50 MWe reference plant used 
in this analysis would require about 3 million gal- 
lons of make-up water daily, roughly six times the 
amount of water required by an atmospheric 
fluidized-bed combustor of comparable net gen- 
erating capacity. The water requirements could 
be reduced with "dry-cooling" systems; but .hese 
are very expensive and reduce the plant's over- 
all efficiency. 



Figure 4-15.— Schenatlc of Dual-Flash Geothorma! Powerplant 




SOURCE Peter D Blair et al , Geothermal Energy investment Demons and Commercial Development (New Yprk John Wiley & Sons 1982) Copyright 1982 
Reprinted with permission of the publisher ' ' F ' w 
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Alternatively, the water requirement could be 
greatly reduced by meeting it in part with the con- 
densed steam from the condenser (instead of re- 
injecting it into the reservoir). This can only be 
done, however, to the degree allowed by con- 
tractual agreements and regulations. The field de- 
veloper may require that all or part of the con- 
densed steam be reinjected into the geothermal 
reservoir to maintain the quality of the resource. 
Or regulators may require some degree of rem- 
jection in order to reduce subsidence problems 

The basic turbine, condenser, and cooling 
tower subsystem are similar to traditional steam 
powerplant designs, although there are significant 
differences. An important factor in the use of flash 
technology is the existence of noncondensable 
gases and/or entrained solids in the brine. These 
contaminants can cause scaling, corrosion, and 
erosion within the flash equipment, surface pip- 
ing, and reinjection well casing. Development of 
highly saline resources has been slowed by these 
problems. Considerable research has been con- 
ducted to develop and demonstrate reliable 
removal technologies for these resources. 

Although, operational dual-flash units abroad 
total 396 MW, 38 there is little commercial experi- 
ence with these systems in the United States. 
None is now operating, and only one 47 MWe 
(net) dual-flash unit is under construction (see fig- 
ure 4-16) Nevertheless, the dual-flash system will 
be used increasingly to exploit itk lerate to high 
temperature hydrothermal resources be;ause it 
is more efficient than the smgle-flash system. 39 

Appendix A, table A-5 contains cost and per- 
formance estimates for dual-flash units in the 
1990s. By the reference year 1995, dual-flash geo- 
thermal units will most likely range in size from 
40 to 50 MWe. The expense of smaller units 



,8 R Dipippo, "Worldwide Geothermal Power Development 
1984 Overview and Update ' Altas Corp (ed ), Proceedings ot the 
Eighth Annual Geothermal Conterenc e and Workshop (Palo Alto 
CA Electric Power Research Institute, 1984), EPRI AP-3686, pp 6- 
1 through 6-15 

,9 The Electric Power Research Institute (personal communication 
between t Hughes (EPRI) and OTA staff, Oct 4, 1984) predicts 
that most of the planned flash plants at the Salton Sea and Brawley 
resources will use dual-flash technology 



would be higher than would in most cases be jus- 
tified by the advantages they might provide. 40 41 

The units will require little land. Total acreage 
'including the geothermal wellhead, surface pip- 
ing, and the powerplant) wi 1 ! not exceed 20 acres 
for a 50 MW plant. Directional drilling tech- 
niques 42 which tap various parts of a reservoir, 
allow the wellhead and the plant to be confined 
to a small area. 

The total lead-time required to bring a plant on- 
line typically should be 3 years, including licens- 
ing and permitting. Delays may be occasioned 
by concern over water requirements and various 
other environmental impacts. The latter could in- 
clude atmospheric emissions, pollution or disrup- 
tion of the watershed, and land impacts result- 
ing from the construction and routine operation 
of the plant. This lead-time figure assumes that 
the geothermal resource has already been con- 
firmed and developed, and that transmission fa- 
cilities are available. Actual construction activ- 
ity should take 1 Vi to 2 years. The first dual-flash 
unit at a resource could take as long as 5 years 
to establish, due to the initial permits and licenses 
that would be required. 

Geothermal units are designed to operate on 
base load duty cycles. Operating availability is 
expected to run between 85 and 90 percent, and 
capacity factor should be between 75 and 80 per- 
cent. 43 The efficiency of geothermal technologies 
are measured in terms of resource utilization effi- 
ciency; i.e., net brine effectiveness— watt-hours 
per pound (Wh/lb) of steam. Typical net brine 



4,) Based on 

1 Sourcebook on the Production ot Electricity From Geother- 
mal Energy, j Kestm (ed ) (Washington, DC US Department 
of Energy, March 1980), ch 4, DOE/RA/40M-1 

2 Personal communication between janos Laszlo (Pacific Gas 
& Electric) ?"d OTA staff, Oct 10, 1984 

^'California Energy Commission, Systems Assessment Office, Pre- 
liminary Energy Commission Staff Price Forecast for California Util- 
ities (Sacramento, CA California Energy Commission, March 1984) 

''Directional drilling involves a well bore that deviates from ver- 
tical This form of drilling is used where the resource area under- 
lies built-up areas, valuable cultivated land, and other difficult and 
expensive terrains 

^'Estimate based on views expressed by participants at the Of- 
fice of Technology Assessment's Workshop on Geothermal Power, 
Washington, DC, June 5, 1984 



ERLC 



108 



Ch. 4—New Technologies for Generating and Storing Electric Power • 99 



Figure 4-16,-Aertal View of the Heber, CA, Dual-Fla-h Qeothermal Installation 




At the time the photo was taken, the plant was under construction. 
SOURCE Dravo Constructors, Inc 



effectiveness figures for dual-flash at 400° F re- 
sources will be 7 to 8 Wh/lb. 44 45 At 600° F re- 
sources, net brine effectiveness may be as high 
as 25 Wh/lb. 46 

Typical capital costs for dual-flash units will 
probably run from $1 ,300 to $1 ,600/kWe. Actual 
costs will vary based on reservoir temperature, 
salinity, and the amount of noncondensable 
gases. The California Energy Commission 47 pre- 

Cassel, et al , Geothermal Power Plant R&D, An Analysis of 
Cost- Performance Trade-offs and the Heber Binary Cycle Demon- 
stration Project (Washington,^ U.S Department of Energy, 1983), 
DOE/CS/30674-2 

45 Evan E Hughes, "EPRI Geothermal Wellhead Projects/' 
Proceedings Eighth Annual Geothermal Conference and Work- 
shop, Altas Corp (ed ) (Palo Alto, CA Electric Power Research In- 
stitute, 1984), EPRI AP-3686, pp 4-9 through 4-19 

^Ibid 

47 California Energy Commission, Capital Cost of a Hydrothermal 
Flash Power Plant, draft staff issue paper (Sacramento, CA Califor- 
nia Energy Commission, August 1984) 



diets that plants at highly saline resources could 
cost as much as $2 / 000/kWe. 

Operation and maintenance costs will vary 
widely from resource to resource, ranging from 
10 to 15 mills/kWh. Fuel (brine) costs are in large 
measure dependent on negotiations between the 
brine/steam supplier and the powerplant de- 
veloper. Future brine fuel costs should be in the 
range of 50 to 70 mills/kWh. 

Binary Cycle Systems. — In a binary plant (see 
figure 4-1 7), the brine is used to heat and vapor- 
ize a secondary working fluid with a lower boil- 
ing temperature than water. The secondary fluid 
then drives a turbogenerator to produce electri- 
city. The use of a secondary working fluid com- 
plicates the design of the plant— it requires pumps 
to maintain brine and hydrocarbon pressure; spe- 
cial hydrocarbon turbines; heat exchangers; and 
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Figure 4-17.— Simplified Process Flow Diagram of Binary Cycle Technology 
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SOURCE San Diego Gas & Electric Co Heber Bmaty Protect Briefing Document (San Diego. CA San Diego Gas & Electric Co , 1984). p 5 



surface condensers (instead of direct contact con- 
densers). 

The major advantages of binary cycles relate 
to efficiency, modularity, and environmental con- 
siderations. First, working fluids in binary cycles 
can have thermodynamic characteristics superior 
to steam, resulting in a more efficient cycle over 
the same temperature difference. 48 Second, bi- 
nary cycles operate efficiently at a wide range of 
plant sizes. Especially attractive are small plants 
which, in addition to encouraging short lead- 
times, have manv other important advantage 1 
well. Third, smco the brine is kept under * 
sure and reinjected afte: leaving t \e heat 
changer, air portion, e.g., hydrogen sulfide, 
from binary plants can be tightly controlled 
There are also several other cost and efficiency 
advantages of binary techno' Dgy over the dual- 
flash systems. Nevertheless, the dual-loop design 
of binary cycles is more complex and costly than 
a flash design. 



4B P Blair ft til . Geothermal Energy Investment Dei utons ,nd 
Commen ul Development (New York John Wiley & Sons 1 C ,82> 



Binary cycle technology is in developmental 
stages with few lar&e operational generating units. 
By the end of 1985, one large 45 MWe (net) bi- 
nary plant will have been installed near Heber, 
California (see figure 4-1&); in addition, small bi- 
nary plants, with a total capacity of about 30 
MWe, wHI be operating. 49 This will account for 
most of ihe binary capacity installed worldwide. 
Development is expected to proceed, and exten- 
sive commercial deployment is feasible in the 
1990s. 

The expected cost and performance of binary 
geothermal plants in the 1990s are summarized 
in appendix A, table A-5. Data is provided for two 
reference plants, a large plant i about 50 <viWe 
(net) and a small plant of about 7 MWe (net). The 
la r ge plant could require up to 20 acres of land 
for the powerplant and for the maze of piping 
required for both the brine and the working fluid. 
The small unit might occupy 3 acres or less. 50 As 
with the the dual-flash technology, very large 



'"Ronald DiPippo, "Worldwide Geothermal Power Development 
1984 Overview and Update/' op cit , 1984 

S0 Personal communication between H Ram (Ormat. Inc } and 
OTA staff, Oct 6, *984 
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Figure 4-18.— Artist's Conception of the Heber, CA, Binary Geothermal Installation 




SOURCE San Diego Gas & Elactric Co 



volumes of cooling water are required; indeed, 
the water requirements are even larger than the 
dual-flash units. The large plant would require 
over 4 million gallons each day. The smaller plant 
would need about 0.6 million gallons per day. 

Small plants of about 5 to 10 MWe (net) can 
be erected and operating on a site in only 100 
days. But prior licensing, permitiing, and other 
preconstruction activities could extend the lead- 
time to 1 year. 51 Construction of larger binary 
units should take only 1 Vi to 2 years. 52 But here 
too, overall lead-times will be longer because of 
preconstruction activities, including licensing and 

r,, Wood & Associates a geothermal energy developer, has had 
permitting problems at the county, State, and Federal level at its 
site near Mammoth Lakes, CA 

"San Diego Gas & Electric also had problems getting their large 
binary plant through the permitting t rocess Its problems, however 
were enc ountereH during the California Public Utilities Commis- 
sion's plant approval process 



permitting. About 5 years total might be required 
for the first plant at a resource, and 3 years might 
be necessary for subsequent additions. With both 
small and large plants, problems about water re- 
quirements and environmental impacts could 
seriously extend the licensing and permitting 
process. 

Binary cycle plants are designed to operate 
continually in base load operation. Availability 
is expected to be between 85 and 90 percent, 
and capacity factors are likely to be in the 75 to 
80 percent range. 8inary plants should last at least 
30 years. 

The net brine effectiveness of binary cycle 
plants may vary between 7 and 12 Wh/lbof steam 
at a 400° F resource. Advanced binary technol- 
ogy in the larger sizes should increase present ef- 
fectiveness values at Heoer from 9.5 to 12 Wh/ 
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lb, 53 while smaller modular plants will probably 
have a net brine effectiveness between 7 and 9 
Wh/lb 54 

Capital costs for large binary cycle geothermal 
plants could range from $1,500 to *1,800/kWe 
in the 1990s. The smaller, wellhead units will 
probably vary from $1,500 to $2,000/kWe. The 
lower part of this range should be associated with 
the truly modular designs, which requ're little on- 
site construction, while the semimodulai well- 
head units (those which require a greate" amount 
of onsite fabrication) should tend towards the 
higher part of this range. The capital cost esti- 
mates for both large and small units are lower 
than those which are expected to characterize 
early demonstration units. 

Operation and maintenance costs are expected 
to range between 1 0 and 1 5 miils/kWh for all ex- 
cept the modular units. The simpler and smaller 
units should show O&M costs of 4 to 6 mills/kWh. 
Fuel, i.e., brine, costs will vary significantly by 
resource and resource developer. A range of 20 
to 70 mills/kWh is most likely. 

Fuel Cells 

Introduction 

A fuel cell produces electricity by an electro- 
chemical reaction between hydrogen, supplied 
by a hydrocarbon fuel, and oxygen. Neither com- 
bustion nor moving parts are required in the 
conversion process. Fuel cell powerplants are ex- 
pected to generate electrical power very effi- 
ciently and with modest environmental impacts 
relative to those of combustion technologies. Fuel 
cell installations may be capable of being de- 
ployed economically in a wide variety of sizes, 
ranging from small cogeneration units to large 
central power stations. In addition, they can be 
installed in many locations, including areas wh re 
both available space and water are limited 
Among the other advantages which have at- 
tracted strong interest with investors a^e* 



5, T Cdssel, et <)l , Geothermal Power Plant R&D, An Analysis of 
Cost-Performant e Trade-offs and the Heber Binary Cycle Demon- 
strate; r, rrofect, op cit , 1981 

"Personal communication between H Ram (Ormat, In , and 
OTA staff. Oct 6, 1984 



• responsiveness to changes in desired output, 

• short lead-times, 

• easily recovered waste heat, 

• fuel flexibility, 

0 off-site manufacturing, and 

• ability to operate unattended. 

Most of the commercial demonstration plants 
crucial to the future of the fuel cell will not be- 
gin operations until the late 1980s, though by May 
1985, a 4.5 MWe demonstration plant was oper- 
ating successfully in Japan and thirty-eight 40- 
kWe demonstration units were operating in the 
United States. 55 Should the performance of the 
demonstration units be very good, limited quan- 
tities of commercial fuel ceiis may be produced 
at the earliest at the end of this decade or the 
beginning of the next. 56 57 

The level of deployment depends heavily on 
the success of the demonstration units; the period 
of time deemed necessary to generate investor 
confidence; and the willingness of the vendors 
to share the risk and cost of the early units. The 
perceptions and decisions of investors, vendors 
and buyers cannot be accurately and confidently 
predicted, but current evidence suggests that the 
early 1990s may see the beginnings of fuel-cell 
mass production and the first commercial appli- 
cations. As much as 1 ,200 MWe of fuel cell pow- 
erplant capacity may be operating by 1995. 

The low production levels will drive installed 
capital costs down somewhat, but they will re- 
main far above possible costs in a mature mar- 
ket. High-volume mass production is unlikely to 
occur until a sizable market is anticipated— in the 
mid-1990s at the earliest. Such a market may de- 
velop as investors observe the continued opera- 
tion of the demonstration units and the initial 
operation of the early commercial installations. 

Most important to the prospective investors will 
be operating and maintenance costs, economic 

"J W Stamunas, et al , United Technologies Corp , Follow-On 
40-kWe held Test Support, Annual Report (July 1983- June 1984) 
(Chicago, IL Gas Research Institute, 1984), FCR-6494, CRI-84/01 31 

56 Peter Hunt, Analysts of Equipment Manufacturers and Vendors 
in the Electric Power Industry for the 1990s a* Related to Fuel Cells 
(Alexandria, VA Peter Hunt Associates, 1984), OTA contractor re- 
port OTA US-84-11 

57 Bdttelle, Columbus Division, Final Report on Alternative Gen- 
eration Technologies (Columbus, OH Battelle, 1983), vols I and 
II, pp 13-11 
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life, and reliability. In particular, investors are 
likely to be sensitive to the rate at which fuel cell 
performance degrades over time under various 
operating conditions as well as the cost and dif- 
ficulty of replacing cells when their performance 
becomes unacceptable. There is uncertainty 
among investors over these two points, both of 
which are crucial tothe fuel cell's ultimate com- 
mercial prospects. Should problems be encoun- 
tered in either area in early commercial proto- 
types, commercial deployment will be delayed. 
If powerplant operation is favorable, subsequent 
market growth in the latter half of the 1990s could 
be very rapid. 

Basic Description 

The typical fuel cell powerplant will consist of 
three highly integrated major components: the 
fuel processor, the fuel c II power section, and 
the power conditioner. The fuel processor ex- 
tracts hydrogen from the fuel which can be any 
hydrogen-bearing fuel, though most installations 
in the 1990s are expected to employ natural gas. 

The hydrogen is then fed into the fuel-cell 
power section, the heart of which are "stacks'' 
of ^dividual fuel cells. The oppration of a single 
fuel cell is schematically liluStiated in figure 4- 
19. The cells are joined in series (the stacks), 
which, in turn, are combined to form a power- 
plant. There are several types of fuel cells being 
developed. These are categorized according to 
the type of electrolyte— the medium in which the 
electrochemical reaction occurs—they use. The 
first-generation fuel cells use phosphoric-acid as 
the electrolyte. These ce'ls are the most devel- 
oped and are likely to account for most of the 
fuel cells deployed in the 1990s. 

Other less mature, fuel cell designs which em- 
ploy alternative electrolytes promise superior per- 
formance; molten carbonate cells are the closest 
to commercial application, but are not expected 
to be commercially deployed until the late 1 990s 
at the earliest. They therefore are not likely to ac- 
count for an important share of fuel cell power- 
plants installed in the 1990s. 58 59 

S8 Peter Hunt, Analysis of Equipment Manufacturers and Vendors 
in the Electric Power Industry for the 1990s as Related to Fuel Cells, 
op ut , 1984 

S9 U S Congress Office of Technology Assessment Workshop on 
Fuel Cells, Washington, IX, June 5, 1984 



The electrical power which flows from the fuel 
cell stacks is direct current (DC). With some volt- 
age regulation, this DC power can oe used if the 
load is capable of operating with direct current. 
Otherwise, a power conditioner is required to 
transform the direct current into alternating cur- 
rent. This allows it to be fed into the electrical 
grid and to be used by alternating-current elec- 
trical motors. 

The components of the fuel cell plant are tightly 
integrated to reduce energy losses through the 
proper management of fuel, water, and heat (see 
figure 4-20). Various parts of the plant benefit 
from the byproducts of other parts of the instal- 
lation. Further efficiency gains result when by- 
product heat from different parts of the plant are 
tapped for external use. The fullest exploitation 
of the fuel cell's heat may yield total energy effi- 
ciencies of up to 85 percent for the entire plant. 
The heat can be used 'or domestic hot water, for 
space heating, or to provide low-level process 
heat for industrial uses. 

Typical Fuel Cell Powerplants 
for the 1990s 

The expected cost and performance of typical 
fuel-cell powerplants for the reference year 1 995 
are summarized in appendix A, table A-7. Be- 
cause no complete powerplants identical to those 
which might be deployed at that time exist today, 
these values remain estimates. 

The units deployed in the 1990s probably will 
be built around two sizes of fuel cell stacks. The 
larger stacks are likely to be capable of generat- 
ing approximately 250 to 700 kWe (gross, DC) 
each and the smaller stacks about 200 to 250 
kWe (gross, DC) each. The plants built around 
the small stacks will be installed mostly in large 
multifamily dwellings, commercial buildings, and 
in light industries; most will probably be used to 
cogenerate both electricity and useful heat. The 
typical system would consist of at least two com- 
plete self-contained modules (see figure 4-21), 
each of which might produce about 200 kWe 
(net, AC). 

Pl?nts using the larger fuel cell stacks most likely 
will be deployed primarily by electric utilities, and 
by industries which would use them in cogener- 
ation applications. Installation capacities probably 
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Figure 4-19.— Schematic Representation of How a Fuel Cell Works 
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SOURCE Ernest Rata. 'Fuel Cells Spark utilities' Interest High Technology, December 1984 



will range from several megawatts on u^. The 
reference installation used n this analy is 1 1 
MWe (net) Many of the major components 
would be fabricated in factories and shipped to 
the site on pallets. 

The lead-time of a small fuel cell powerplants 
should be about 2 years. These units are relatively 
small, unobtrusive, and quickly and easily erected. 
Modules subsequently added at the sarre site 
could require as little as a few months. Regula- 
tory delays are unlikely because of relatively mi- 
nor siting and environmental considerations. 

Installations utilizing the larger stacks, however, 
may encounter more serious regulatory prob- 
lems. Unlike the approximately 480 to 600 square 



feet required by an installation of two, 200 kWe 
units, an 11 MWe installation would occupy 
about 0.5 to 1.2 acres of land (see figure 4-22). 
Beciuse the plants frequently may be located in 
the midst of populated areas, the opportunity for 
regulatory conflicts with these larger plants is con- 
siderably greater. Partly offsetting these factors, 
though, are the environmental advantages asso- 
ciated with fuel cell powerplants. Hence, a lead- 
time of 3 to 5 years is anticipated with the larger 
units, considerably longer than the small plant's 
lead-time, but also much shorter than that of most 
conventional powerplants. As with the smaller 
fuel cell installations, capacity subsequently ad- 
ded to an already existing fuel cell plant should 
require considerably shorter lead-times. 
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Figure 4 20.— Simplified Block Diagram of an 11-MWe Fuel Ceil Plant. 
Detail of the DC Module is Provided Below. 

Exhaust Heat 




SOURCE United Technologies Corp . Description 0/ a Generic 11 MW Fuel Oil Powsr Plant tor Utility Applications (Palo Alto, CA Electric Power Research institute 

1983), EPRI EM 3161 
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Figure 4-21.— Design for a 200 kWe Fuel Cell Module 

While basically similar to units which might be deployed in the 1990s, this design differs in several important details 




SOURCE United Technologies Corp Power Systems Division On Site Fuel Cell Power Plant Technology and Development Program Annual Report (January- 
December i983MChicago IL Gas Research Institute 1984) FCR 6243 GRI 84/109 



The operating availability or large fuei cell pow- 
erplants may range between 80 and 90 percent. 
Availability is heavily dependent on the quality 
jf design— its simplicity, the extent to whicn it 
has redundant components, the number of parts, 
and their reliability— and on the availability of 
spare parts and repair people when they are 
needed. 

The fuel cell can be applied to any duty cycle. 
The fuel cell has excellent load following capa- 
bilities and high efficiency over a wide variety of 
operating levels. 

The fuel cell powerplant's lifetime is assumed 
to be approximately 20 to 30 years with periodic 
overhaul of the fuel cell stacks and other com- 
ponents. Over time, the powerplant's efficiency 
drops The timing of overhauls will vary; sched- 
ules will be a function of the performance reduc- 

O 
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tion over time and of other factors such as the 
cost of fuel. 60 In some cases the stacks must peri- 
odically be removed and replaced with new 
ones. The old unit then is shipped back to a man- 
ufacturing plant where its catalyst (in the fuel 
processing section) and perhaps other compo- 
nents are removed, processed and recycled. 
While the overhaul schedule and costs are un- 
certain, it is assumed here that all stacks are 
replaced after the equivalent of 40,000 hours of 
operation at full capacity. 



w | '< Lance, et al , Westinghouse Electric Corp , "Economics and 
Performance of Utility Fuel Cell Power Plants/' Advanced Energy 
Systems— Their Role in Our Future Proceedings of the 19th Inter- 
society Energy Conversion Engineering Conference, August 19-24, 
1984 (San Francisco. CA American Nuclear Society, 1984), paper 
849133 

11G 
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Figure 4 22.— Typical Arrangement of 11 MWe Fuel Cell Powerplant 




SOURCE Burns & McDonnell Engineering Co , Astern Planner's Guide for Evaluating Phosphoric Acd Fuel Cell Power Plants (Palo Alto CA Electric Power Research 
Institute 1964) EM 3512 



Efficiencies 61 for large fuel cell plants are ex- 
pected to be between 40 and 44 percent Small 
plants may have efficiencies of approximately 36 
to 40 percent. The estimated efficiencies are those 
which might characterize a plant over its lifetime, 
efficiencies of new stacks could be higher while 
those of older stacks might be below that level. 

The installed capital costs of fuel cell power 
plants are expected to range from $700 to $3,000/ 
kWe for iarge units to $950 to $3,000/kWe for 
small plants, expected values for 1995 are $1,430/ 
kWe and $2,240/kWe respectively. The low num- 
bers can be expected where units are commer- 
cially produced in large numbers; the high num- 
bers are representative of prototype units and 
include nonrecurring costs. By far the largest ex- 
pense is the fuel-cell power section itself; it is ex- 
pected to account for about 40 percent of the 



'"'Based on higher heating value 



costs of a mature 11 MWe plant. 62 The largest 
decrease in capital costs over the next decade 
will come from increases in the levels of fuel-cell 
production. However, technical improvements 
in the fuel-cell plant itself may substantially re- 
duce costs as well. Already, over the past sev- 
eral years, design changes have reduced costs by 
an appreciable amount. 

Operating and maintenance costs may range 
between 4.3 and 13.9 mills/kWh. The biggest ele- 
ment in O&M costs is the cost of periodically 
replacing cells stacks. For specific applications, 
the actual O&M costs will depend on the over- 
haul period for the cell stacks and the material 
and labor costs for each overhaul. 



"United Technologies Power Systems, Study on Phosphoric Acd 
Fuel Cells Using Coal Derived Fuels (South Windsor, CT United 
Technologies Power Systems, Apr 27, 1981), prepared for Tennes- 
see Valley Authority contract No TV-52900A, FCR-2948 
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Fuel costs are expected to be approximately 
27 to 33 mills/kWh, accounting for the major por- 
tion of electricity costs from fuel cells. Fuel costs 
also constitute the fuel cell's greatest advantage 
over some of its competitors such as the gas tur- 
bine, due to the fuel cell's high efficiency which 
yields substantially lower per kilowatt-hour fuel 
costs. Major variations in fuel costs per kilowatt- 
hour will result primarily from fluctuations in fuel 
prices. Fuel cell efficiency variations, due to tech- 
nical improvements or maintenance practices 
(especially stack reloading schedules), also would 
be reflected in different fuel costs. In the longer 
term, post-2000, it is expected that natural gas 
will have to be replaced with more abundant 
fuels. Primary candidates are synthetic fuels— 
especially methanol— from coal and biomass. 

Stacks are of central importance in determin- 
ing capital, O&M, and fuel costs. The develop- 
ment and extended demonstration of cheap (per 
kWe) and reliable stacks which can operate at 
high efficiencies for extended periods are criti- 
cal to the success of the technology. Technologi- 
cal improvements which could be especially im- 
portant in this regard are the development of 
inexpensive, corrosion-resistant cell structural 
materials and less expensive and more effective 
catalysts to operate at higher pressures and tem- 
peratures, and improved automated fabrication 
and handling processes for large area cells. Mso 
important is the development of cheap, reliable 
and efficient small-scale reformers (fuel process- 
ing units) and the improvement of various other 
standard components. 

Combustion Technologies 

Integrated Gasification/Combined-Cycle 
Powerplants 

Introduction,— A coal gasification/combined- 
cycle powerplant centers around two elements. 
First is a gasification plant which converts a fuel 
into a combustible gas; other equipment purifies 
the gas. Second is a combined-cycle powerplant 
in which the gas fuels a combustion turbine 
whose hot exhaust gases are used to generate 
steam which drives a steam turbine. While the 
gasification system can be quite separate and dis- 
tinct from the combined-cycle system, they can 



be integrated so that some of the heat discharged 
in the gasification sequence is exploited in the 
combined-cycle system, and a portion of the heat 
discharged by the combined-cycle unit may be 
routed back for use in the gasification plant [see 
figure 4-23). This section focuses on such inte- 
grated units, commonly referred to as IGCCs. 

The primary attractions of the IGCC are its fuel 
efficiency and its low sulfur dioxide, carbon 
monoxide, nitrogen oxide, and particulate emis- 
sions. The high efficiency allows for fuel savings 
and hence reduced operating costs. The poten- 
tial for very low emissions makes the technology 
particularly attractive for using coal to generate 
electric power. Another advantage allowed by 
the IGCC is "phased construction." Some parts 
of the plant may be installed and operated be- 
fore the rest of the plant is completed; 63 this can 
be financially advantageous and is considered a 
major sellmg point for the technology. The IGCC 
also may be very reliable. In addition, the tech- 
nology requires less land and water than a con- 
ventional scrubber-equipped, pulverized coal 
boiler powerplant. Furthermore, its solid wastes 
are less voluminous and less difficult to handle 
than those of its scrubber-equipped competitor 
and of the atmospheric fluidized-bed combustor 
(AFBC). Current estimates are that solid wastes 
from an IGCC will be 40 percent of a pulverized 
coal boiler and 25 percent of an AFBC of com- 
parable size. 

TH evidence suggests that the IGCC offers a 
favorable combination of cost and performance 
when compared to its competitors (see also chap- 
ter 7). Nevertheless, a combination of two fac- 
tors—lead-times and risk— may mitigate against 
its extensive deployment within the 1990s. Be- 
cause of its modular nature and positive environ- 
mental features, potentially the IGCC has lead- 
times of no more than 5 to 6 years. It is likely, 
however, that the first plants, at least, will require 
longer times— up to 10 years— because of regula- 
tory delays, construction problems and opera- 
tional difficulties associated with any new, 
complex technology. It may take a number of 



M For sample, the gas-turbine/generator sets may be installed 
before the gasifiers and operated off ot natural gas When the gasi- 
fiers are completed, the synthetic gas then may be used instead 
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Figure 4-23.— Simplified IGCC Flow Diagram of Texaco Gasifier 
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SOURCE Argonne National Laboratory and Bechtel Group Inc Design of Advanced Fossil Fuel Systems 
Power Generation (Argonne IL Argonne Nation-i Laboratory 198J) 
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commercial plants before the short lead-time po- 
tential of the IGCC is met, unless strong steps are 
taken to work closely with regulators and to as- 
sure quality construction for these initial plants. 
Such steps may be facilitated if the early plants 
are in the 200 to 300 MWe range rather than the 
current design target of 500 MWe. Should the 
longer lead-times be the case, projects must be 
initiated no later than the end of 1991 and per- 
haps as early as the end of 1989 if they are to 
be completed within the 1990s. 

In addition to these possible longer lead-times, 
limited experience with IGCC demonstration 
plants may also constrain extensive deployment 
in the 1990s. Although there has been extensive 
experience with the gasification phase, currently, 
there is only one IGCC plant in operation, the 
100 MWe Cool Water plant in California (see fig- 
ure 4-24). In addition, there is another demon- 
stration plant using a different gasifier, under con- 
struction in a large petrochemical plant (discussed 
more in chapter 9). The Cool Water plant has 
been very successful in meeting its construction 
schedule 64 and budget, and in its early operation. 
As a result it has given confidence to utilities in 
their consideration of whether to commit to an 



M An interesting discussion of the planning and construction of 
an IGCC can be found in Cool Water Coal Gasification Program 
* Bechtel Power Corp , Cool Water Coal Gasification Program- 
Second Annual Progress Report, interim repon (Palo Alto, CA Elec- 
tric Power Research Institute October 1983). EPRI AP-3232 



Figure 4-24.— The Cool Water IGCC Plant in 
Southern California 



IGCC Despite this success, however, more oper- 
ating experience is hkeiy to be required before 
there will be major commitment to the IGCC by 
a very cautious electric utility industry. The Elec- 
tric Power Research Institute, a major sponsor c. 
the IGCC Cool Water project, anticipates three 
to four commitments by the end of 1986. If these 
projects go forward and the shorter lead-time po- 
tential of the IGCC is proven, then significant 
deployment in the mid to late 1990s is quite 
possible. 

Description of a Typical IGCC in the 1990s.- 

Plausible cost and performance features of a rep- 
resentative IGCC are described in appendix A, 
table A-6. The reference year considered in the 
report is 1990, at which time two plants, gener- 
ating altogether approximately 200 MWe prob- 
ably will be operating in the United States. The 
reference plant capacity is 500 MWe, consisting 
perhaps of five gasifiers, 65 though installations as 
small as 250 MWe might be preferred. While ca- 
pable of being built with capacities even smaller 
than 250 MWe, such smaller installations would 
be more costly per unit of capacity. 66 The plant 
would consist of three types of equipment: the 
gas production, cooling and purification facilities; 
the combined-cycle system (including gas tur- 
bines and steam turbines); and the balance of the 
plant, included in the constituents of the latter 
are fuel receiving and preparation facilities, water 
treatment systems, ash and process-waste dis- 
posal equipment, and in most cases an oxygen 
plant. 



65 Zaininger Engineenng Co , Capacity Factors and Costs of Elec- 
tricity for Convention<ii Coal and Gasification-Combined Cycle 
Power Plants (Pale Mto,CA blectric Power Research Institute, 1984), 
EPRI AP-3551 

"According to on? source (Electric Power Research Institute, fco- 
nomic Assessment of the lmp a ct of Plant Size on Coal Gasification— 
Combined-Cycle Plants (Palo Alto, CA Elecr.c Power Research In- 
stitute, 1983), AP-3084), the levelized cost of electricity for a vari- 
ety of ICCCs using Texaco gasifiers increased as plant size de- 
creased The economies of scale were relatively small among plants 
of capacities greater than 250 MWe But as plant size diminishes 
below 250 MWe, levelized costs increase very significantly Selec- 
tion of a 500 MWo module also was favored by participants in a 
June 1984 0TA-sponsored workshop on IGCCs, though it was sug- 
ted that installations as small as 250 MWe might seriously be 
sidered 




SOURCE Southern California Edison Co 
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The IGCC can be built in phases. The design 
permits the operation of portions of the plant be- 
fore other segments are completed. The gas tur- 
bines could be installed first and operated with 
natural gas. The steam turbines then could be 
added, allowing the production of still more elec- 
tric power. Finally, the gas facilities could be 
added to complete the plant and to allow its oper- 
ation based on synthetic gas. Hence, some elec- 
trical power could be produced before the en- 
tire plant is completed. 

The typical plant would require a rather large 
area of land and considerable quantities of water 
during its lifetime of approximately 30 years An 
estimated 300 to 600 acres v/ould be needed for 
the facilities, and for disposal of solid wastes. And 
3 to 5 million gallons of water, on average, would 
be required to run the plant daily. These quanti- 
ties are large, but as noted above, they are smaller 
than those which characterize conventional pul- 
verized coal plants equipped with scrubbers. 

The operating availability of the reference IGCC 
plant is 85 percent There is uncertainty associ- 
ated with availability estimates, as these plants 
would be the first commercial units and could 
experience problems which would result in lower 
availability rates. Of particular concern is the 
reliability of the combined-cycle system; com- 
bined-cycle system design as well as operating 
and maintenance practices will largely determine 
combmec-cycle reliability. 

The IGCC facility commonly would be used to 
provide base load power at efficiencies ranging 
fr om 35 to 40 percent. This corresponds to a heat 
rate of between 8,533 and 9,751 Btu/kWe-hour. 67 
It is worth noting that the Cool Water demon- 
stration plant, which had a design heat rate of 
11,400 Btu/kWh, has consistently met that tar- 
get in operation to date. While the gasifier de- 
sign certainly has an important effect on effi- 
ciency, the mo3t important factor in efficiency 
within the anticipated range probably would be 



f ''lt is important to note that IGCC heat rates are particularly sen- 
sitive to ambient temperatures Heat rates go down with ambient 
temperatures See tor example, table 3- 1 in Zaintnger Engineer- 
ing Co CdfhH it\ fa( tors and Costs ol Elt't trie ity tor Conventional 
Co.il and Casitu ation-C ombmed Cyr le Power Plants, op < it , 1984 
It is assunml here that ambient temperatures are held constant 
throughout the year at 88 F 



the gas turbines. To reach the high efficiencies 
projected for the IGCC will require high-tem- 
perature, advanced combustion turbines. The 
projected efficiency range is somewhat higher 
than the 35 to 36 percent efficiency expected for 
conventional plants with scrubbers. 68 

Conventional turbines would yield efficiencies 
at the low end of the efficiency range, while ad- 
vanced turbines might yield higher efficiencies. 69 
The choice of turbine type could significantly af- 
fect O&M costs in addition to efficiency. 70 For ex- 
ample, an advanced turbine design, while prom- 
ising higher efficiencies could also entail greater 
technical problems and therefore higher O&M 
costs. The choice of turbine also would affect cap- 
ital costs. Higher efficiency turbines would result 
in a higher electrical output for a given gasifier 
and feed system; and the steam plant would be 
relatively smaller. Both changes would reduce 
capital costs per kilowatt-hour. 7; 

Capital costs probably will range from $1,200 
to $1,350/kWe (net). For units in the 250 MWe 
range, costs are expected to be somewhat higher, 
about $1,600/kWe. By far the largest expense 
would be the gas production and purification fa- 
cilities. These might account for approximately 
40 percent of total costs. The cost would vary 
especially with gasifier design; there are indica- 
tions that substantial capital cost differences may 
exist among leading gasifier designs, 72 though the 
magnitude of these differences not clearly estab- 
lished. Costs also will vary significantly accord- 
ing to the degree to which redundancy is de- 
signed into the system. Another 40 percent of the 
cost would include buildings, coal receiving and 
preparation equipment, an oxygen plant, waste 
handling equipment, water equipment, and the 

h8 B M Banda, et al , "Comparison ot Integrated Coal Gasifica- 
tion Combined Cycle Power Plants With Current and Advanced 
Gas Turbines," Advanced Energy Systems— Their Role in Our Fu- 
ture Proceedings ol the 19th Intersoaety Energy Conversion Engi- 
neering Conference, August 19-24, 1984 (Sm Francisco, CA Amer- 
ican Nuclear Society, 1984), paper 849507 

M lb,d 

;i) For a discussion ot relevant turbine developments, see Erie lefts, 
"Tokyo Congress Highlights Efticienc y and Nox Control," Gas Tur 
bine World, January-February 1984, pp 26- JO 

; ' General Electric Co , Review and Commentary on Design of 
Advanced Fossil Ft, "I Systems (Fairfield, CT General Electro Co 
U82) 

^OTA stall telephone conversation with Bert Louks, Electric 
Power Research Institute June 6, 1984 
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combmed-cycle system. 73 Finally there are access 
roads, site preparation, and various civil engineer- 
ing tasks; together these might represent roughly 
20 percent of capital costs. 

Operating and maintenance costs could ranp- 
from 6 to 12 mills/kWh, a figure roughly equiva- 
lent to the costs characteristic of a conventional 
pulverized coal plant. The greatest source of un- 
certainty in the estimate concerns the perform- 
ance of the gasifiers, of the syngas coolers (if they 
are used) and of the gas turbines 

Fuel costs for the reference plant are projected 
to range from 15 to 17 mills/kWh based on 1990 
coal costs of $1.78/MMBtu (see "Definitions" in 
appendix A for discussion of fuel costs). It is here 
where the possible cost advantage of the IGC1 
over the conventional scrubber equipped plant 
is greatest. Because of its higher efficiency, the 
IGCCs fuel costs would be less than those of its 
conventional counterparts. As discussed above, 
an important determinant of overall efficiency is 
the gas turbine's efficiency. Advanced turbines 
which are expected to be available by the early 
1990s would be much more efficient than present 
turbines. Their use could allow fuel costs to fall 
to the low end of the estimated range. Since fuel 
costs account for a large portion of the cost of 
generating electricity from the IGCC, the antici- 
pated improvement in turbine efficient will af- 
fect the competitive position IGCC significantly. 74 

Atmospheric Fluidized-Bed Combustion 

'ntroduction.— The AFBC is a combustion 
technology which will provide an economic alter- 
native :o conventional pulverized coal plants in 
th 1990s. Its relatively low volumes of sulfur di- 
oxide and nitrogen oxide emissions, great fuel 
flexibility, small commercially available size (< 
100 MWe), easily handled solid wastes, respon- 
siveness to demand changes, and other features 



7, HC Hemphill and M B Jennings {Raymond Katser Engineers, 
Inc ), "Oftsites. Utilities, and General Facilities tor Coal Conver- 
sion Plants, " Advanced Energy Systems— Their Role tn Our Future 
Proceedings of the 19th Intersociety Energy Conversion Engineer 
ingL inference August 19-24 1984 (San Francisc o CA American 
Nuclear Society, 1984) paper 8491 95 

7 «B M Banda et al , "Comparison ot integrated Coal Gasifica- 
tion Combined Cycle Power Plants With Current and Advanced 
Gas Turbines, op < it 1984 



offer advantages which may allow it to compete 
successfully with conventional plants, particularly 
tn areas where high sulfur coals are used. Invest- 
ment outside the utility industry in AFBC cogen- 
errtion units already is growing rapidly. Greater 
investment by utilities is likely in the 1990s, 
though various factors may keep the number of 
large utility-, wned AFBCs operating by the end 
of the century below that which cost alone would 
set (see chapter 9). 

There are two basic types of fluidized-bed com- 
bustors: the atmospheric fluidized-bed ^ ombus- 
tor (AFBC) and the pressurized fluidized-bed 
combustor (PFBC). The PFBC operates at high 
pressures, and therefore can be much more com- 
pact than the AFBC. The PFBC also may produce 
more electricity for a given amount of fuel. De- 
spite these potential advantages, the PFBC has 
more serious technical obstacles to overcome 
and is less well developed than the AFBC. It has 
not yet been successfully demonstrated on a 
commercial scale, nor are any commercial-scale 
demonstrations now under construction in the 
United States. It is unlikely that more than a few 
commercial units could be completed and oper- 
ating before the end of the century, though the 
PFBCs longer term potential is quite promising. 

The AFBC, the focus of this analysis, operates 
at atmospheric pressures. Small-scale AFBCs al- 
ready are used commercially around the world 
for process heat, space heat, and in various other 
industrial applications; and are producing elec- 
trical power abroad as well as in very small 
amounts in the United States. Three types of 
AFBC installations may be important over the 
next 15 years: large electric-only plants (100 to 
200 MWe), cogeneration installations, and non- 
electric systems. The electric-only units are likely 
to be deployed by utilities, whereas the cogen- 
eration and nonelectric units probably would be 
built and operated by others. 

The cogeneration unit is an installation oper- 
ated to provide both electricity and usable ther- 
mal energy, while the nonelectric systems are 
used to supply usable heat only. Electric-only 
AFBCs may be new "grass-roots" plants built 
from t ",e ground up; or they may be "retrofits" 
to existing plants which have been modified to 
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accommodate an AFBC instead of the old con- 
ventional boilers. 75 A retrofit may allow the life 
of a powerplant to be prolonged, reduce emis- 
sions, and increase the rating of a powerplant. 
Retrofits also are cheaper and faster to build than 
completely new AFBCs. See chapter 5 for a more 
detailed discussion of retrofits. 

While this discussion centers on ihe large, 
grass-roots electric-only plants, the other three 
types of installations— retrofit, cogeneration, and 
nonelectric units— are important for several rea- 
sons. First, they constitute the most immediate 
market for the AFBC; and may very well domi- 
nate the market in the 1990s (see chapter 9). This 
prospect is enhanced by their short lead-times— 
substantially shorter than those which would 
characterize large grass-roots, electric-only 
units. 76 

Second, operation of these units may provide 
valuable experience which can be used to rap- 
idly refine the technology, to reduce cost uncer- 
tainties and to improve its competitive posture. 
Thus, even with very few grass-roots, electric-only 
plants in operation, their design can be continu- 
ously and quickly improved and risks reduced 
as a result of experience gained in other appli- 
cations. Furthermore, where utility retrofits are 
concerned, utilities directly can gain operating 
experience and confidence in the technology at 
a cost and risk considerably smaller than that 
associated with a new grass-roots electric-only 
plant. 

General Features of the AFBC— A fluidized- 
bed is a mass or ''bed" of small particles— solid 
fuel, ash and sorbents used for sulfur removal- 
through which flow large volumes of air and com- 
bustion gases. The gases move through the bed 
at velocities sufficient to cause the mass of parti- 
cles to behave like a fluid; hence the term 
"fluidized-bed." In ihe AFBC, one or more 



' s The retrofit can take one of two forms The old boiler may be 
modified with the addition of an AFBC, or the old boiler may be 
removed in its entirety and replaced with an entirely new AFBC 
boiler either cast 1 the old turbine and other equipment may be 
used 

76 Retrofit units in many cases involve very little regulatory delay, 
as they are deployed at preexisting plants Cogeneration units and 
nonelectric units ctmmonly are very small, and are not owned by 
utilities, and are are not subject to the same extensive regulatory 
delays which characterize large utility-owned projects 



fluidized-beds are used to perform two key func- 
tions: combustion of the fuel and capture of sul- 
fur carried in the fuel. Some AFBCs perform both 
functions in a single bed. Other systems use sev- 
eral sequentially linked beds, each of which has 
a different design and performs a different func- 
tion. For the sake of simplicity, this discussion fo- 
cuses on AFBCs which require only one bed. 

In the typical AFBC, unburned solid fuel regu- 
larly is fed into the bed and mixed with the bed's 
hot particles bringing about combustion. Ther- 
mal energy is removed from the bed by heat 
transfer to water carried in tubes passing through 
the bed. The resultant steam can be used in- 
directly for space or process heat, to drive a steam 
turbine, or both. If the fuel contains substantial 
quantities of sulfur, a chemically active "sorbent" 
such as limestone also is fed into the bed to re- 
act with the sulfur while it is still in the bed. The 
sorbent captures the sulfur before it escapes from 
the bed with the combustion gases. This r- oa- 
bility to capture sulfur "in situ" reduces im- 
inates the need for expensive add-on sulfi .ioval 
equipment and is perhaps the most attractive fea- 
ture of the AFBC. 

Air is injected from below the fuel and sorbent 
mixture and "fluidizes" it. Depending on the ve- 
locity and volume of the air, and the size of the 
fuel and sorbent particles, a portion of the parti- 
cles and combustion byproducts are entrained 
in the flow of air and "elutriated" from the bed. 
A cyclone 77 separates the larger entrained parti- 
cles from the gases. The gases and smaller parti- 
cles are cooled and discharged into z baghouse 78 
where the remaining particles are removed from 
the gas before it is exhausted to the atmosphere. 
The solids removed in the cyclone meanwhile are 
recycled through the bed— to improve fuel and 
sorbent utilization— or discharged. Some solids 
also may be discharged from the bottom of the 
bed. The effective recycling of sorbent and of un- 
burnt materials is crucial in maintaining a highiy 
efficient combustion process and minimizing sor- 
bent consumption. 



77 A cyclone is a mechanical device which separates particles from 
gases by using centrifugal force 
78 A system of fabric filters (bags) for dust removal from stack gases 
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Fluidized-bed combustors are commonly cate- 
gorized by the degree to which solids are en- 
trained in ihe gas-flow through the bed and to 
which solids are recycled to the bed after pass- 
ing through the cyclone. The primary types of 
fluidized-beds are illustrated in figure 4-25; 
among these, bubbling beds and the circulating 
beds are the most important. 79 



"These in turn can be further subdivided Among the bubbling 
beds are the conventional bubbling bed, multibed and m-bed cir- 
culating models Circulating systems include conventional and multi- 
solids bed (or hybrid) systems (Bruce St John, NUS Corp , Analy- 



The bubbling bed AFBC is characterized by low 
gas velocities through the bed. The result is a bed 
from which only the smaller particles are en- 
trained with the gas; after being entrained, the 
solids on the average are recycled through the 
bed less than once. Conversely, the gas flow ve- 
locities through the circulating bed are rapid. The 
bed itself becomes less distinct with greater en- 



5/5 and Comparison ot Five Generic FBC Systems, paper presented 
at Fluidized Bed Combustion Conference, sponsored bvthe Gov- 
ernment Institi/es, May 1984) 



Figure 4-25.— Types off Fluidized Gas-Solid Reactor* With Different Regimes off Particle Slip Velocity and 
Degrees off Flyash Recycle (with Reh) Showing Proposed Terminology 




P _ Mass flow rate of solids returned to bed 
Mass flow rate of solids entering bed 

SOURCE Leon Green Jr , Value Derivable From Coal Waste by Enframed Flow Combustion, presented at the Fifth icu Symposium, Pittsburgh, PA June 1983 
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trainment levels, as larger portions of the fuel and 
sorbent repeatedly are cycled through the com- 
bustor. The fuel and limestone are thoroughly 
mixed as combustion of the fuel takes place. 

Each of the two types of AFBC possesses cer- 
tain operating characteristics and peculiarities. An 
important shortcoming shared by both technol- 
ogies is the fact that neither have been built to 
produce electric power on a scale— 100 to 200 
MWe— attractive to utilities. And both face seri- 
ous technical challenges in moving from the very 
small nonelectric industrial boilers which have 
typified AFBC applications so far to these large, 
sizes. 

The bubbling bed has an important advantage 
in that it is the older of the two t ; pes and there 
is greater operating experience in the United 
States (in small, nonelectric, industrial applica- 
tions). The bubbling-bed combustor can more 
readily be retrofitted to some pieexisting conven- 
tional boilers. But the design also has its draw- 
backs. Perhaps the most serious are the fuel-feed 
problems encountered as the unit is scaled-up. 
It is difficult to design a reliable feeu mechanism 
that adequately distributes fuel to the bed; the 
problem becomes progressively more difficult as 
the bed is enlarged. An elaborate feed design is 
required; and the size and moisture content of 
the fuel must be carefully controlled. 

By the end of this decade several large bub- 
bling-bed AFBCs will be operating in the United 
States. One is a grass-roots, 160 MWe demon- 
stration plant in Paducah, Kentucky (see figure 
4-26). Two others are retrofit units. Among the 
units, two different feed systems will be used. 
Should serious problems be encountered in the 
feed systems of the units, the deployment of the 
bubbling beds with capacities between 100 and 
200 MWe in the 1990s may b^ seriously delayed. 
Favorable operation wou'd f ncourage commer- 
cial orders of large units. Other problems asso- 
ciated with some bubbling bed designs, which 
may impede commercial deployment, are ero- 
sion and corrosion of material-; which are in con- 
tact with the bed itself or particulate laden gases. 
These difficulties, should they persist, could re- 
sult in unacceptabiy high O&M costs. 



With the circulating bed, by virtue of its greater 
gas velocities and higher levels of particulate re- 
cycling, the fuel-feed problem may be far less of 
a problem, at least with smaller units. A simpler 
feed mechanism can be used, and larger varia- 
tions in fuel size and moisture are tolerated. Effi- 
cient combustion and sorbent utilization is more 
readily achieved. Nitrogen oxide and carbon 
monoxide emissions also tend to be lower. 

Being a newer "second-generation" technol- 
ogy, there is less experience operating even small 
circulating-bed AFBCs. But this disadvantage is 
rapidly disappearing. Many vendors now are 
offering circulating beds; and almost all the ma- 
jor cogeneration units and many of the nonelec- 
tric AFBC projects now being built employ cir- 
culating beds. 

While it is not clear whether plants using bub- 
bling beds, circulating beds, or some hybrid of 
the two will be favored for large grass-root plants 
in the 19905, the recent commercial trends indi- 
cates that ihe circulating beds are becoming the 
technology of preference for small cogeneration 
uses and a sizable share of nonelectric applica- 
tions. Favorable experience with these units, as 
well as the single large retrofit unit using the cir- 
culating bed, could decisively favor the competi- 
tive position of large circulating bed AFBCs in the 
1990s. As with the large bubbling bed demon- 
stration units, however, difficulties with the dem- 
onstration retrofit unit could seriously retard the 
commercial deployment of large units. 

Typical AFBC Plant for the 1990s.-A large 
AFBC plant typical of the kind which might might 
be deployed for electricity production in the 
1990s is described in appendix A, table A 5. The 
table and the following discussion focus on all- 
electric, grass-roots plants. By the early 1990s, 
U.S. utilities will have only one such plant on 
which to base evaluations of the technology. This 
is the 160 MWe demonstration unit which cur- 
rently is being constructed at TVA's Shawnee 
Steam Plant in Kentucky; startup is scheduled for 
1989. Investors, however, also by the early 1990s 
will benefit from the technical progress and in- 
formation resulting from two large demonstration 
retrofit units, one of 100 MWe and the other of 
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Figure 4-26 —160 MW AFBC Demonstration Plant in PaducaS, KY 




Authority 



1 23 MWe, which also will have operated for sev- 
eral years by the early 1 990s. Also important will 
he experience gamed from the operation of a fully 
commercial, 125 MWe cogeneration unit— also 
a retrofit — being installed by a private firm in 
Honda And many hundreds of megawatts of 
small AFBCs will have been installed by 1990. 

The reference AFBC plant considered in the 
analysis has a generating capacity of approxi- 
mately 1 50 MWe (net) The gross electrical power 
production of in* plant actually would exceed 
net capiK ity, because power is required to oper- 
ate the equipment which circulates the solids and 
forces air into the bed. Any commercial units con- 
sidered in the early 1990s are not likely to ex- 
ceed by very much the size of the demonstra- 
tion units, AFBCs are subject to scale-up problems 



which probably will inhibit during the 1990s de- 
ployment of any commercial units much larger 
than the demonstration plants. 

Many features of the AFBC installations de- 
ployed in the 1990s, regardless of type, are likely 
to be much the same. They will require access 
to coal and limestone supplies; this usually means 
railroad access. A rather sizable piece of land will 
be required, not only for the AFBC itself but for 
coal and limestone handling and processing fa- 
cilities, storage areas for the limestone and coal, 
disposal areas for the solid waste generated by 
the plant, and ponds of various sorts. Disposal 
of spent limestone may be one of the most seri- 
ous problems for the AFBC. Current estimates are 
that about 1 ,200 tons per MWe year need to be 
disposed of for 3.5 percent sulfur, Illinois coal. 
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For a 150 MWe plant, about 90 to 218 acres 
could be required; the exact amount depends on 
several conditions. Access to water also will be 
required; the 150 MWe reference plant is ex- 
pected to require about 1 .5 million gallons each 
day. 

Like any large powerplant, the AFBC is ex- 
pected to require a considerable amount of time 
to deploy. An AFBC in the 100 to 200 MWe range 
potentially has a lead-time of no more than 5 
years hecause of its mailer size and environ- 
mental benefits. As with the IGCC, however, 
lead-times of the first plants are likely to be 
greater, and could be as long as 10 years. This 
includes up to 5 years for design, preconstruc- 
tion, and licensing activities; and 2 to 5 years for 
construction. Favorable regulatory treatment, and 
rapid and quality construction could result in 
lead-times close to the potential. 

If in fact large, grass-root AFBC plants take up 
to 10 years to build irom initial commitment, 
orders for them must be made by 1990 for the 
AFBCs to contribute appreciably to generating ca- 
pacity before the close of the century. Given the 
fact that the three large demonstration plants and 
numerous small cogeneration units will be oper- 
ating by then, there is a possibility that consider- 
able numbers of large plants indeed will be initi- 
ated by that time. 

The operating availability oi an AFBC power- 
plant may be around 85 to 87 peicent. But con- 
siderable uncertainty surrounds this figure. Dif- 
ficulties with the fuel feed system in bubbling-bed 
AFBCs could severely reduce operating availabil- 
ity. Or erosion or corrosion associated with both 
bubbling-bed and circulating-bed AFBCs could 
have similar effects. 



AFBCs are expected to be used primarily as 
base load plants, though their demand-following 
capabilities will allow their use in intermediate 
applications. An AFBC plant is expected to last 
for approximately 30 years, and to operate with 
an efficiency of approximately 35 percent— some- 
what higher than a conventional pulverized coal 
plant equipped with scrubbers. 

The capital cost of a large AFBC probably will 
be pegged at a level roughly comparable to that 
of its mam competitors, the conventional scrubber- 
equipped plants and the IGCC. The estimate in 
this analysis is $1 ,260 to $1 ,580/kWe. Fuel costs 
are expected to be approximately 17 mills/kWh 
assuming coal costs of $1 .78/MMBtu. O&M costs 
are expected to fall between 7 and 8 mills/kWh, 
but high uncertainty is associated with this esti- 
mate. Should technical problems be experienced 
with the fuel feed system, or should serious ero- 
sion or corrosion problems arise, power produc- 
tion could suffer and expensive repairs and modi- 
fications could be required. Consequently, O&M 
costs could escalate. 

The major opportunities for research which 
could yield technical improvements in the AFBC 
or reduce uncertainty about performance lie in 
the three large demonstration projects which cur- 
rently are underway. These projects offer the 
chance to experiment with basically different de- 
signs and to compare technologies. Of particu- 
lar importance will be research relating to the fuel 
feed systems and to designs and materials which 
can reduce erosion and corrosion of system com- 
ponents. 



ENERGY STORAGE TECHNOLOGIES 



Introduction 

There are several tasks that electric energy stor- 
age equipment, employed by utilities, can per- 
form. The most common is load-leveling, in 
which inexpensive base load electricity is stored 
during periods of low demand and released dur- 



ing periods when the marginal cost of electricity 
is high. In addition, storage equipment can be 
used as spinning reserve, the backup for gener- 
ating systems which fail, or as system regulation, 
the moment-by-moment balancing of the utility's 
generation and load. 



ERLC 



128 



118 • New Electric Power Technologies: Problems and Prospects for the 1990s 



Energy storage technologies also may be used 
by utilities' customers in either remote or grid- 
connected applications. The latter typically in- 
volve the use of storage devices by utility custom- 
ers wishing to avoid the high price of electricity 
during peak periods. Cheaper power is pur- 
chased during base periods and stored for use 
during higher cost, peak periods. 

Modular storage technologies, such as batteries 
and flywheels, can be deoloyed in either a utility- 
owned or in a nonutility-owned dispersed fash- 
ion. However, economic considerations currently 
seem to favor large utility- or third-party-owned 
installations. While storage technologies may at 
some point be installed in conjunction with large 
deployments of intermittent generating plants, 
such as photovoltaics or wind, storage facilities 
in the 1990s will most likely be used to store 
the inexpensive output of large, conventional 
plants. 80 

There are two storage technologies which 
could, under some circumstances, see significant 
deployment tn the 1990s: advanced batteries and 
compressed air energy storage (CAES). Bcttenes 
are a well-established technology, familiar mostly 
in mobile applications, but only recently have ad- 
vances in chemistry and materials made it possi- 
ble to construct large-^cale systems with suffi- 
ciently long lifetimes and low capital costs to 
attract utility interest. 

A CAES plant is a central station storage tech- 
nology in which off-peak power is used to pres- 
surize an underground storage cavern with air, 
which is later released to drive a gas turbine. The 
technology has been demonstrated in Europe, 
but not in the United States. 

Compared to bakeries, CAES plants have sev- 
eral advantages. They are in a more advanced 
stage of technical development and are likely to 
be less expensive than batteries on a dollar per 
kilowatt-hour basis when long discharge times 
(roughly 5 hours or more) are required. However, 
compared to batteries, CAES plants are less mod- 
ular, and thus carry more financial risk per 
project 

ar, As ( urrently is the ( ommon practice with pumped hydroelec- 
tric facilities there may be some exceptions, however, in certain 
isolated areas vuth large potential tor renewable^, sue h as Hawaii 



Among the storage technologies not likely to 
make a significant additional contribution in the 
1990s are pumped hydro, flywheels, and super- 
conducting magnet energy storage. While there 
are numerous pumped hydro plants in existence 
in the United States, it has become difficult to site 
these plants if they involve a large, above-ground 
reservoir. If all the water is stored underground, 
the plants are economic only in very large units, 81 
Flywheels, while possibly competitive in small in- 
stallations, e.g,, cars or homes, cannot compete 
economically with batteries or CAES in larger in- 
stallations. 82 FinalK superconducting magnetic 
energy storage is not likely to be commercial be- 
fore the next century. 

Compressed Air Energy Storage 

Introduction 

A CAES plant uses a modified gas turbine cy- 
cle in which off-peak electricity— stored in the 
form of compressed air— substitutes for roughly 
two-thirds of the natural gas or oil fuel necessary 
to run an equivalent conventional plant (see fig- 
ure 4-27). In a conventional plant, the turbine 
must power its own compressor to supply the 
compressed air necessary for operation. This 
makes only a third of the turbine's power avail- 
able to produce electricity. In a CAES plant, how- 
ever, off-peak electricity is used to drive the com- 
pressor (through the generator running in reverse 
as a motor) which charges an underground stor- 
age cavern with compressed air. Later the air is 
released and passes through a burner where a 
hydrocarbon fuel such as natural gas : s burned. 83 
The resulting hot geses then pass through a tur- 
bine which, freed from its compressor, can drive 
the electric generator with up to three times its 
normal fuel efficiency. The gases discharged from 



"'Peter E Schaub, Potomac Electric Power Co , comments on 
OTA e'ectnc power technologies November 1984 draft report, Jan 
29, 1985 

" 2 )ames H Swisher and Robert R Reeves, "Energy Storage Tech- 
nology,"f nergy Systems handbook (New York John Wiley & Sons, 
February 1983) 

"'In addition to the CAES technology described here, there are 
several, more advanced CAES systems which reduce or eliminate 
le need for natural gas or hydrocarbon fuel These systems would 
be more expensive than the more conventional CAES systems, and 
while none have yet been demonstrated, they could be developed 
tor the 1990s with sufficient utility interest 



9 

ERIC 



Ch 4— New Technologies for Generating and Storing Electric Power • 119 



Figure 4-27 — First Generation CAES Plant 



Exhaust 




(Cools air 
before it 
enters cavern) 



A Compressed Air Energy Storage (CAES) plant is a modification of a conventional gas turbine cycle its principal components are combus- 
tion turbines, compressors, a generator/motor, and an underground storage cavern The system stores energy by using electricity from the grid 
to run the compressor and charge the cavern with compressed air This energy is discharged by releasing the compressed air to the comb j^tion 
turbine where it is mixed with natural gas or oil and burned to produce the power which drives the generator In a conventional gas turbim* plant 
the turbine drives its own compressor simultaneously with the generator so that only a third of the turbine's total power is available to produce 
electricity Thus, a CAES plant stores the energy in off-peak electricity to make a gas turbine three times as fuel efficient 

SOURCE Robert B Schamker Executive Overview Compressed Air Energy Storage (CAES} Power Plants (Palo Alto CA Electric Power Research Institute. 1983) 



the turbine pass through a "recuperator" where 
they discharge some of their heat to the incom- 
ing air from the cavern, this, too, increases the 
overall efficiency of the plant. 

Three types of caverns may be used to store 
the air: salt reservoirs, hard rock reservoirs, or 
aquifers (see figure 4-28). Each has its advantages 
and disadvantages. About three-fourths of the 
United States rests on geology more or less suit- 
able for such reservoirs (see figure 7-12 in chap- 
ter 7) The salt domes are concentrated mostly 



in Louisiana and eastern Texas. Salt caverns are 
"solution-mined" by pumping water into the de- 
posit and having it "dissolve" a cavern. The re- 
sulting reservoir is virtually air-tight. These salt 
caverns are pressurized to up to 80 atmospheres, 
have a depth of 200 to 1 ,000 meters, and a vol- 
ume of 1,000 cubic meters/MWe. 

Rock caverns are located throughout the 
United States. They must be excavated with un- 
derground mining equipment. A typical CAES 
plant using a rock cavern would be coupled to 
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Figure 4-28.— Geological Formations for CAES Caverns 



Wells 



Impervious 
caprock 




In an aquifer system numerous wells are 
sunk through an impervious caprock into 
porous material such as sand, sandstone 
or gravel The force of the sutrounding 
water conf-nes the compressed air and 
maintains it at a constant pressure as it is 
injected and withdrawn from the system 



SOURCE Eighty Atmospheres m Reserve EPRl 
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Salt caverns are mined by a technique 
called solution-mining A narrow well is 
drilled into a salt dome and fresh water is 
continuously pumped in to dissolve the 
salt while the resultant brine is pumped 
out The process is continued until the 
deseed storage volume is reached The 
necessary volume is larger than that need 
ed in a hard rock or aquifer system 
because without water present, the 
pressure of the compressed air drops as it 
is withdrawn from the cavern 
Journal April 1979 



Compensation 




Air shaft 




Storage caverns 

l ' i l 



Hard rock caverns are mined with standard 
excavation techniques A compensation 
reservoir on the surface maintains a con- 
stant pressure in the cavern as the com- 
pressed air is injected and withdrawn This 
minimizes the volume of rock it is necessary 
to excavate 



an above-ground compensating reservoir which 
would maintain a constant pressure in the cav- 
ern as it discharges. The maintenance of constant 
pressure offers several important operational ad- 
vantages In addition to maintaining the desired 
pressure, the reservoir also allows for a much 
smaller cavern than is the case with salt reservoirs. 
Thus, only about 600 cubic meters/MWe are 



needed underground, though a pool of about 700 
cubic meters/MWe of water is required on the 
surface. 84 



"••Use of a compensating reservoir is less suitable for salt reser- 
voirs bee ause the s^It dissolves in the water This ( an only be pre- 
vented by the use ot water saturated with salt an approa( h which 
(ould result in maior environmental problems 
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The aquifer reservoirs are naturally occurring 
geological formations found in much of the Mid- 
west, the Four Corners region, eastern Pennsyl- 
vania and New York. An advantage of this kind 
of reservoir is that it does not require any exca- 
vation. It consists of a porous, permeable rock 
with a dome-shaped, nonporous, impermeable 
cap rock overlying it. Compressed air is pumped 
into the reservoir, forcing the water downward 
from the top of the dome. Later, as air is drawn 
from the reservoir, the water returns to its origi- 
nal place beneath the dome. An important advan- 
tage of this kind of reservoir lies in the fact that 
the volume of the reservoir is quite flexible, al- 
lowing for a variety of plant capacities and oper- 
ating schedules. 

With the exception of the recuperator, the 
technologies required for CAES plants— the tur- 
bomachinery and the reservoir-related technol- 
ogies such as mining equipment— are well-estab- 
lished technologies. The turbomachmery is only 
a slight modification of currently user! equipment 
and there are several manufacturers, American 
and foreign, that offer CAES machinery with full 
commercial guarantees. While there are some 
questions as to the dynamic properties of the air 
as it enters and leaves a cavern, there is little 
doubt that the technology exists to build and 
maintain underground storage facilities. These 
caverns have been used for years to store natu- 
ral gas and other hydrocarbons, and the same 
firms that supply the oil and gas industry have 
offered to provide utilities with CAES caverns that 
can be warrantied and insured. 85 

Despite the relative maturity most of the com- 
ponents which make up the CAES plant, there 
has been no experience in the United States with 
CAES itself—though a CAES plant using a salt cav- 
ern has been in operation since 1978 at Huntorf, 
W*^t Germany (see figure 4-29) and has per- 
formed well. This lack of domestic experience 
with the technology constitutes the largest hur- 
dle facing CAES. There is a general reluctance 
among utilities in this country to be the first to 
make a commitment to build a plant. While sev- 
eral utilities have made preliminary planning 

"'•Personal <. orrespondom e between Arnold Pickett (fcledrit 
Power Research Institute) and OTA stall July 1 1984 



Figure 4-29.— The Huntorf Compressed Air Energy 
Storage Plant in West Germany 




In the foreground is the wellhead, where compressed air is injected 
and released The rest of the plant is in the background 

SOURCE BBC Brown Boveri Inc 



studies, the Soyland Electric Cooperative in Il- 
linois is the only American utility that has ordered 
a plant. This plant, however, was for various rea- 
sons canceled and no project has been initiated 
since then. 

Typical CAES Plant for the 1990s 

CAES plants in the 1990s are likely to be avail- 
able in two modular unit sizes, 220 MWe, com- 
monly called maxi-CAES, and 50 MWe, mini- 
CAES. These sizes are determined by the sizes 
of existing models of turbomachinery— the tur- 
bines, compressors, generator/motor, and a gear- 
box which connects them. 

A CAES plant must be sited in an area with ac- 
cess to water and fuel. The turbomachinery re- 
qui es about 2,000 gallons/MWe of water per 
day, and a plant with a rock cavern needs addi- 
tional water for the compensation reservoir. Both 
mini- and maxi-CAES plants burn about 4,000 
Btu/kWh of fuel and emit the standard combus- 
tion byproducts, such as nitrogen oxide, but at 
only a third of the level of a similar size conven- 
tional gas turbine. CAES plants also have noise 
levels similar to those of more conventional 
plants. There are several waste disposal problems 
involved with building the caverns. If a rock cav- 
ern is used, it is necessary to dispose of a large 



132 



122 • New Electric Power Technologies- Problems and Prospects for the 1990s 



volume of waste rock, 86 and when a salt cavern 
is used, the brine pumped out of the cavern must 
be disposed of. Land requirements would range 
from around 15 acres for a maxi-CAES plant to 
3 acres for a mmi-CAES plant. 

The lead-times expected for CAES plants will 
probably range from 4 to 8 years The large plants 
would occupy the higher end of the range, while 
the smaller units would fall at the lower end. The 
primary source of uncertainty in lead-time esti- 
mates concerns licensing and permitting, which 
is expected to take 2 to 4 years. Regulatory hur- 
dles will vary depending on the type of reservoir 
used. Among the regulatory impediments are 
those relating to the disposal of the hard rock or 
brine from the mining operation, and relating to 
water usage and impacts. Also problematic may 
be the requirements of the Powerplant and In- 
dustrial Fuel Use Act of 1978. Even though a CAES 
plant is an oil and gas saving device, the fact that 
it uses these fuels means a utility must receive 
an exemption from the act to operate one. 
precedent was established when such an exemf 
tion was granted to the Soyland Electric Coop- 
erative, but under the current regulations, exemp- 
tions would be required for every CAES plant. 87 

The properties of the two sizes are similar (see 
table A-8, appendix A); the mini-CAES turbo- 
machinery costs somewhat less— $392/kWe vs. 
$515/kWe for the maxi-CAES. The storage cav- 
erns can be formed out of three types of geologi- 
cal formations: aquifers, salt deposits, and hard 
rock. In general, aquifers are the least expensive, 
followed closely by salt. Rock caverns, which 
must be excavated, are by far the most expen- 
sive. On a total dollars per kilowatt basis, caverns 
for maxi-CAES plants are less expensive than 
those for mini-CAES. 



aft This problem is greatly alleviated by the fact that the excavated 
material can be used in constructing the compensating reservoir 
or other facilities (Peter E Schaub, comments on OTA electric power 
technologies November 1984 draft report, op cit , 1985) 

B7 P L Mend rick son Legal and Regulatory Issues Affecting Com- 
pressed Air Inergy Storage (Rk hland, WA Pacific Northwest Lab 
oratory. July 1981), PNI-J862. UC-94b 



Advanced Batteries 

Introduction 

Batteries are more efficient than mechanical 
energy storage systems, but their principal advan- 
tage is flexibility. Batteries are modular so that 
plant construction lead-times can be very short 
and capacity can be added as needed. Batteries 
have almost no emissions, produce little noise 
(though because of pumps and ventilation sys- 
tems, they are not silent), and they can be sited 
near an intended load, even in urban areas. A 
battery's ability to rapidly begin charging or dis- 
charging (reaching full power in a matter of 
seconds, as opposed to minutes for a CAES sys- 
tem) makes it valuable for optimizing utility oper- 
ations. However, battery-storage installations do 
not benefit very much from economies of scale 
either in capital costs or in maintenance costs, 
so that if large blocks of storage are required, 
CAES may be less expensive. Also, though cost 
effective and reliable in numerous remote appli- 
cations, battery technology has not yet achieved 
the combination of low cost, good performance, 
and low risk necessary to stimulate investment 
in grid-connected applications. 

There are two types of utility-scale batteries 
which under some circumstances could be par- 
ticularly important in the 1990s: advanced lead- 
acid batteries, and zinc-chloride batteries. Lead- 
acid batteries are in wide use today mostly in 
automobiles and other mobile applications; ad- 
vanced lead batteries constitute an incremental 
improvement overthe existing technology. Zinc- 
chloride batteries are a newer technology, and 
constitute a fundamental departure from the con- 
ventional lead-acid battery. In both cases, indi- 
vidual modules similar to commercial modules 
which might be deployed in the 1990s, have been 
tested at the Battery Energy Test Facility in New 
Jersey. 88 Though neither type of battery has been 
deployed yet in a multimegawatt commercial in- 
stallation, plans to do so during the late 1980s 
are being developed and implemented. 

Othei battery technologies meanwhile are be- 
ing pursued. Among these, the most promising 
appear to be zinc- bromide batteries and sodium- 



M See ch 9 for further details on this facility 
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sulfur batteries But the development of both lags 
considerably behind that of the lead-acid and 
zinc-chloride batteries Neither lias been tested 
at the BEST facility; such tests are not likely to 
begin until 1989-90. Given the subsequent need 
for full-scale commercial demonstration installa- 
tions and other time-consuming steps, it is very 
unlikely that either the zinc-bromide or sodium- 
sulfur batteries could be extensively deployed 
commercially in the 1990s Several other ad- 
vanced battery technologies, such as Iron/Chro- 
mium, Zmc/Ferncyanide, Nickel/Hydrogen, and 
Lithium/Iron Sulfide cells, are all considered even 
less developed and are not considered here 
either. 



Typical Battery Installation for the 1990s 

If battery technology is deployed in the 1990s 
by utilities, the general requirements of a typical 
plant, regardless of the battery technology em- 
ployed, are expected to be a peak power out- 
put of 20 MWe and a storage capacity of about 
100 MWh. Such a plant could consist of about 
10 to 50 factory built modules, along with con- 
trol and power conditioning equipment, housed 
in a protective building (see figures 4-30 and 4- 
31). Battery installations outside the utility- 
industry might be considerably smaller. 

The total land necessary will depend on both 
the so-called "energy footprint" (energy density 
in kilowatt-hour per square meter) of the particu- 
lar battery technology as well as the amount of 
space necessary for easy maintenance. Each of 
the reference battery installations discussed here 
will require about 0.02 to 0.03 acres. There are 
no fuel and only minimal water requirements 

The lead-time required to deploy battery instal- 
lations is expected to be very short. Because of 
the comparatively low environmental impacts of 
the installation, licensing could proceed quite 
rapidly. And since the battery modules are fac- 
tory built, construction can be very rapid too. The 
lead-time of the plant should be less than 2 years. 
There is, however, uncertainty regarding the time 
required for licensing and permitting. Concern 
over possible acc, dents and disposal of hazard- 
ous materials, discussed in greater detail below, 
could be a source of regulatory delays particu- 
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larly when the installations are dispersed in ur- 
ban areas. 89 

Though the battery installations will share many 
characteristics, other features of the battery plants 
will differ significantly, depending on the type of 
battery used. These individual characteristics 
therefore are treated separately below for each 
of the two battery types emphasized in this 
analysis. 

Advanced Lead-Acid Batteries,— When fully 
charged, a lead-acid battery consists of a nega- 
tive lead electrode and a positive lead dioxide 
electrode immersed in an electrolyte of sulfuric 
acid (see figure 4-32). As the battery discharges, 
the electrodes are dissolved by the acid and 
replaced by lead sulfate, while the electrolyte be- 
comes water. When the battery is recharged, lead 
is deposited back on the negative electrode, lead 
peroxide is deposited back on the positive elec- 
trode, and the concentration of acid in the elec- 
trolyte increases. 

The main advantage of lead-acid batteries is 
that the technology has been used for decades. 
It is likely that utility-sized batteries can be 
produced with sufficient performance character- 
istics for utility use. At present, it is possible to 
buy a load-leveling lead-acid battery with a 
guaranteed lifetime of 1,500 cycles. 90 Accelerated 
testing results indicate that refinements of the cur- 
rent design can probably bring the lifetime up to 
3,000 to 4,000 cycles. 91 While such tests must al- 
ways be regarded with caution, the many years 
of experience with accelerated testing of this tech- 
nology lends confidence to these estimates. How- 
ever, 4,000 cycles probably represents a limit on 
the lifetime attainable with current lead-acid bat- 
tery technology. 92 

""See 

1 Bechtel National, Inc , Generic Environmental and Safety 
Assessment ol Five Battery Energy Storage Systems (San Fran- 
cisco, CA Bechtel National, Inc , December 1981), 
DE82-902212 

2 J Abraham, et al , Public Service Electric & Gas Co , Balance 
of Plant Considerations for Load-Leveling Batteries (draft re- 
portA Newark, Nj Public Service Electric & Gas Co , 1984) 

w OTA staff interview with Arnold Pickett, Electric Power Research 
Institute, Aug 30, 1984 

91 Exide Management and Technology Company, Research, De- 
velopment, and Demonstration of Advanced Lead-Acid Batteries 
tor Utility Load Leveling (Argonne, IL Argonne National Labora- 
tory, August 198 \). ANL/OEPM-83-6 

q2 OJA staff interview with Arnold Fickett, op c it , 1984 

m 
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Figure 4-31.— A Commercial Load-Leveling Zinc-Chloride Battery System 




This system is known as the FLEXPOWER System, developed by E.,ergy Development Associates This particular system is rated at 2 MWe 
and can operate from 3 to 4 hours 

SOURCE B D Brummet et a! Zinc Chloride Battery Systems for Electnc Utility Energy Storage ' presented a t the 19th Annual Intersociety Energy Convers.on 
Engmeenng Conference San Francisco CA Aug 19-24 1984 



The main problem wit h lead-acid batteries is 
the capital cost. (See appendix A, table A-9.) The 
price of lead has recently dropped, primarily be- 
cause its use in paint and gasoline is legally pro- 
hibited in many instances At this low price, the 
lead alloy and other active materials contribute 
about one-fourth of the battery's projected sell- 
ing price of $600/kWe. 9 > 

This is close to the $500/kWe cost at which bat- 
teries are generally considered to be economic 
The battery costs are so dependent on materials 
cost, however and it is not clear if the prices of 
lead-acid batteries can be reduced much further 
If the price of lead rises to its previous level, then 
the projected price wo .,u rise to over $800/kWe. 
These figures are based on a production level of 
200 MWe/year, but since similar lead-acid bat- 
teries are already in production for mostly trans- 
portation applications, the utility price may not 
be a strong tunc tion of demand in stationary ap- 
plic ations 

' U.iMi r\ i ifnt.i! ( n ! ,ire best represented in units of kilowatt 
hour riot k»m\.itt » Mtrii However In be < unststent with the other 
tcr hnotoHM •> t onsulered here we will use this Litter measure fo 
< omerl kiinw.itt e!« ( tn< to kilowatt hour (hi ide the former l)\ "i 
Mssufn'ny .1 h\< hour <iis< h.ev?< (>♦ nodi 



In general, the O&M costs of batteries will de- 
pend strongly on the extent to which various bat- 
tery components survive in a highly corrosive 
environment. These costs are also likely to de- 
pend strongly on how the battery is used, e.g., 
one deep discharge a day versus many shallow 
discharges. Current estimates indicate that the 
largest component of the O&M costs for lead-acid 
batteries will most likely be due to the periodic 
replacement of the battery stacks every 2,000 to 
4,000 cycles (roughly equivalent to 8 to 1 6 years). 
Since many parts of the used stacks, such as the 
lead, are reusable or recyclable, a replacement 
stack only costs about 50 percent of the original. 
Assuming the plant operates for 250 five-hour cy- 
cles per year, these costs, levelled over a 30- 
year-plant life, are 6 to 20 mills/kWh. 

The costs of the daily maintenance can be 
greatly reduced by the addition of systems such 
as an automatic water system to add water to the 
batteries, and monitors to track chemical concen- 
trations. However, battery housings will have to 
be cleaned periodically to prevent deposits from 
developing which could short circuit battery ter- 
minal connections. These annual O&M costs are 
estimated to be about 1 to 4 mills/kWh. 



9 

ERLC 



136 



126 • New Electric Power Technologies Problems and Prospects for the 1990s 



Figure 4-32.— Lead-Acid Batteries 

The illustrations below show how a lead acid battery stores electric energy Advanced lead-acid batteries differ in the construction of the elec- 
trodes, etc . but the basic operation is the same as the more traditional designs 



In its fully charged state, the negative electrode consists of spongy 
lead with a small mixture of antimony (around 10 percent), while the 
positive electrode is lead dioxide The electrolyte is sulfuric acid 



Electrolyte 



H 2 S0 4 



Negative Positive 
electrode electrode 
Pb PbO 




As the battery discharges, the lead in the negative electrode reacts 
with sulfate ions in the ele^rolyte to form lead sulfate and release 
two electrons At the positive electrode, these electrons combine 
with the lead dioxide in the electrode, and four hydrogen ions and a 
sulfate ion from the electrolyte to form lead su'fate and water 



Negative electrode pb + SO 



Positive electrode PbO +4H 
2 



-PbS0 4 + 2e" 
+ SO, = + 2«T 



Electron flow 



-PbS0 4 + 2H 2 0 




to an fully discharged, the battel /s electrodes are almost entirely 
leau su'fate and the electrolyte is largely water 




Electrolyte 
H 2 0 



Positive 
electrode 
PbSO. 



Discharging 

To charge the battery, electrons are driven back into the negative 
electrode, where they combine with the lead sulfate to form lead, 
which remains on thee ectrode, and sulfate ions, which are released 
into the electrolyte At the positive electrode, the lead sulfate com- 
bines with water molecules to form lead dioxide, which stays on the 
electrode, hydrogen and sulfate ions which are released into the 
electrolyte, and two electrons, which are driven by the charging 
generator to the negative electrode 

Negative electrode PbSO + 2e~ -Pb+ SO = 

4 4 

Positive electrode PbSO +2H 0-PbO„ + 4H + +SO " +2e" 
4 4 2 4 



Electron flow 



- Discharged 





Charging 

SOURCE The Encyclopedia Americana International Edition (Oanbury CT Encyclopedia Americana Corp 1980). vol 3 p 360 
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The safety hazards of advanced lead-acid bat- 
teries occur primarily if the battery is over- 
charged. In this instance, it will generate poten- 
tially explosive mixtures of hydrogen and oxygen 
which must be ventilated. Stib'ne and arsme can 
also be formed from the materials used in the 
electrodes. Finally, there are also dangers from 
acid spills and fire. When the battery is decom- 
missioned, the lead must be recycled, and the 
acid disposed of. However, there is much experi- 
ence with lead-acid batteries, and few safety 
problems are anticipated if well-established main- 
tenance and safety procedures are followed. 

Zinc-Chloride Batteries.— The zinc-chloride 
battery has been under development since the 
early 1970s. It is a flowing electrolyte battery (see 
figure 4-33). During charging, zinc is removed 
from the zinc-chloride electrolyte and deposited 
onto the negative graphite electrode in the bat- 
tery stack, while chlorine gas is formed at the 
positive electrode. The gas is pumped into the 
battery sump, where it reacts with water at 10° 
C to form chlorine hydrate, an easily managable 
slush. During discharge, the chlorine hydrate is 
heated to extract the chlorine gas, which is 
pumped back into the stack, where it absorbs the 
zinc and releases the stored electrical energy. 

A principal advantage c'the zinc-chloride bat- 
tery is that it promises to be ultimately less ex- 
pensive than the lead-acid battery, due primar- 
ily to the inexpensive materials that go into its 
construction. However, the technology, wpich 
requires pumps and refrigeration equipment, >s 
more complex— it is sometimes described ?s be- 
ing more like a chemical plant than a battery. 94 
Since no commercial design zinc-chioride bat- 
tery has yet been operated, any cost projections 
must be taken with some caution. (See appen- 
dix A, table A-9.) 

Estimates indicate that at a production level of 
about 700 MWe/year, zinc-chloride batteries 
could be sold at a price less than $500/kWe. Be- 
cause zinc-chloride batteries will most likely 
make their first appearance in grid-connected use 
(unlike lead-acid batteries which are already sold 
in other markets), this price is likely to depend 



9 <OTA skitf interviews with (1) Arnold Fickett, op cit , 1984 and 
(2) J J Kelley, EXIDE Corp , Aug 29, 1984 



strongly on the volume produced. If only 50 
MWe/year were made, the price could be about 
$860/kWe; and early commercial units could cost 
as much as $3,000/kWe. 

The zinc-chlorine battery may have a longer 
lifetime than the lead-acid battery. The best cells 
have run for 2,500 cycles, and while there have 
been numerous problems with pumps and plumb- 
ing, no basic mechanisms have been identified 
which would limit the lifetime to less than 5,000 
cycles. 95 However, the 500 kWh test module at 
the BEST facility has only run for less than 60 cy- 
cles, and several tough engineering problems 
have yet to be overcome before the battery can 
have a guaranteed lifetime long enough for com- 
mercialization. In addition, the AC to AC round- 
trip efficiency, which is currently in the low 60 
to 65 percent range for the large battery systems, 
must be increased to 67 to 70 percent; values in 
this range have been attained by smaller prototypes. 

The O&M requirements of zinc-chloride sys- 
tems are even more uncertain than for lead-acid 
systems. However, the expected longer lifetimes, 
and the less expensive replacement costs for the 
stacks and sumps (estimated to be about one- 
third the initial capital cost of the battery) should 
lead to levelized replacement O&M costs in the 
3 to 9 mills/kWh range. For lack of better data 
on operating experience, the annual O&M costs 
are estimated to be the same as for lead-acid, 1 
to 4 mills/kWh, though because of the increased 
complexity of the system, they probably will be 
higher. 

Another major advantage of the zinc-chloride 
battery over the lead-acid bauery is that their re- 
action rates are controllable. This is due to the 
fact that, in a charged zinc-chloride battery, the 
zinc and the chlorine are separated in the stacks 
and s-jmps. The rate at which the battery dis- 
charges is controlled by the speed at which the 
pumps allow the reactants to recombine. This not 
only makes the battery more flexible in its oper- 
ation, but provides a major safety advantage in 
that if a zinc-chloride cell malfunctions, its dis- 
charge can be stopped t/ shutting off the chlo- 
rine pumps. In contrast, the reactants in a 



95 OTA stafi interview with Arnold Fickett, op cit , 1984 
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Figure 4 33.— Zinc-Chloride Flowing Electrolyte Batte ies 



4- 



2MZnCf 




Fully discharged 



In its fully discharged state, the electrolyte in the battery stack con 
sists of a concentrated solution of zinc chloride The graphite 
negative electrode and the graphite or ruthema-catalyzed porous 
titanium positive electrode are inert The battery sump contains 
water 




Heat 



Zinc 



ZnCl^aq) 



CI 1 = H 2° H 2° 
Charging 





As the battery is charged, chlorine ions from the electrolyte combine 
at the positive electrode to form chlorine gas and release two 
electrons These electrons are driven to the negative electrode by 
the charging generator There they combine with zinc being plated 
onto the negative electrode The chlorine gas is pumped to the sump 
which has been chilled to below 10°C The gas reacts with the cold 
water and forms an easily storable solid, chlorine hydrate 

Negative electrode Zn + + e~ — Zn 

Positive electrode 2Cr — Cl 2 + 2e~ 

Sump CI (aqueous) + xH 0 - Cl = xH 0 (sclid) 



Fully charged 

When the battery is fully charged, the negative electrode is plated 
with zinc and the electrolyte has only a weak concentration of zinc 
rhlonde The battery sump is filled with chilled chlorine hydrate 





Zinc ZnCl^aq) 

Discharge 

The battery is discharged by heating the chloride hydrate in the 
sump, which then releases the chlorine gas This gas is pumped to 
the stack, where it combines with electrons from the positive 
electrodes and breaks into chlorine ions At the negative electrode 
the zinc atoms release electrons and enter the electrolyte as zinc 
ions 

Negative electrode Zn - Zn* + e~ 



Positive electrode CI + 2e~ 

2 

Sump Cl 2 + xH 2 0 (solid) - 



- 2 CI 
Cygas) + xH 2 0 



SOURCE Energy Dpvt'kipmpnt Ass-j 
IMHIi.EPRI EM 1Mb 



idK's Development of the Sine Chloride Battery lor Utility Applications <Palo Alto CA Electric Power Research Institute June 
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charged lead-acid battery cell remain in the same 
battery case, so that short-circuited terminals 
could lead to a sudden r< lease of the stored 
energy. 

A major concern of regulatory officials consid- 
ering zinc-chloride plants is likely to be the safety 
problems associated with the accidental release 
of chlorine. Since the chlorine is stored in a solid 
form, there is no danger of a sudden release of 



large quantities of the gas However, the same 
procedures used in industrial plants manufactur- 
ing or using this gas must be followed. In addi- 
tion, the sumps must be sufficiently insulated so 
that in the event of a malfunction of the refriger- 
ation system, the chlorine will stay frozen in the 
chloride hydrate phase long enough for repairs 
to be made. 



SUMMARY OF CURRENT ACTIVITY 



The tables in appendix A at the end of this re- 
port summarize the cost and performance char- 
acteristics discussed in this chapter Table 4-2 
summarizes the information detailed in the ap- 
pendix. Table 4-4 provides an overview of the 
plants which currently are installed or operating 



in the United States. The extent to which capac- 
ity already has been deployed or is being con- 
structed provides an additional indication of the 
cost, performance and risk associated with the 
technologies. 



Table 4-4 — Developing Technologies: Major Electric Plants Installed or Under Construction by May 1, 1985 



Technology 
Wind turbines 3 



Solar thermal electric 

Central receiver 



Parabolic trough 
Parabolic dish 



Solar pond 
Photovoltaic* 

Flat plate 



Concentrator 



Geothermel: 

Dual flash 



Binary 
Small 



Large 




Capacity 

550+ MWe (gro?s) b 
100+ MWe (gross) 0 

->MWe d 

iOMWe(net^ 

0 75 MWe 

14 MWe (net) 
30 MWe (net) 
0 025 MWe (net) f 
2 x 0 025 MWe (net) f 
2 x 0 025 MWe (net) 
3 6 MWe 
None 



Location 



Primary sources of funds 



Status 



California wiri.i farms 
0 S wind farms outside 

of California 
Ail 0 S wind farms 

Dagger oA 

Albuquerque, NM 

Daggett, CA 
Daggett, CA 
Palm Springs, CA 
Various locations 
Various 'ocatlons 
VVfcmet Sp;*ng3, CA 



Nonutility 
Nonutllity 

Nonutility 

Utility, nonutility, and 

Government 
Utility, nonutility, and 

Government 
Nonutllity 
Nonutility 
Government 
Nonutllity 
Nonutllity 
Nonutllity 



Installed 
Installed 

Under construction (1986) 

Installed 

Installed 

Installed 

Under construction (1986) 

Installed 

Installed 

Under construction 
Installed 



1 MWe (dc, gross) 


Sacramento 


Utility and Government 


Installed 


1 MWe x Jc cross) 


Sacramento, CA 


Utility and Government 


Under construction (1985) 


1 MWe <dc, gross) 


Hesperia, CA 


Nonutllity 


Installed 


6 '5 MWe (dc, gross) 


Carrlsa Plains, CA 


nonutility 


Installed 


0 75 MWe (dc, gross) 


Carrlsa Plains, CA 


Nonutllity 


Under construction 


4 5 MWe (dc, gross) 


Borrego Springs, CA 


Nonutllity 


Installed" 


1 5 MWe (dc, gross) 


Davis, CA 


Nonutllity 


Installed 0 


3 5 MWe (dc, gross) 


Barstow, CA 


Nonutility 


Installed 0 


10 MWe 


Brawley, CA 


Utility/no- tlllty 


Installed 


10 MWe 


Salton Sea, CA 


Utlllty/nor^tility 


installed 


47 MWe (nr*) 


Heber, CA 


Nonutllity 


Under construction (1985) 


32 MWe (ne>) 


Salton Sea, CA 


Nonutllity 


Under construction (1985) 


2x35 MWe 


Mammoth, CA 


Nonutllity 


Installed 


3 x 0 3MW. 


Hammersly Canyon, OR 


Nonutllity 


Installed 


3x04 MWe 


Hammersly Canyon, OR 


Nonutllity 


lnstailed h 


10 MWe 


East Mesa, CA 


Nonutllity 


Installed 


1 x 0 75 MWe (gross) 


Wabuska, NV 


Nonutllity 


Installed 


3 x 0 35 MWe (gross) 


Lakevlew, OR 


Nonutllity 


Installed 


3 x 0 45 MWe (gross) 


Lakevlew, OR 


Nonutllity 


Installed 


4 x 1 25 MWe (gross) 


Sulfurvllle, UT 


Nonutllity 


Under construction (1985)' 


3 x 0 85 MWe (gross) 


Sulfurvllle, UT 


Nonutllity 


Under construction (1985)' 


45 MWe (net) 


Heber, CA 


Utility, nonutllity, and 


installed 
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Table 4-4.— Developing Technologies: Major Electric Plants Installed or Under Construction 

by May 1, 1985— Continued 



Technology 

Futl ctllt: 

Large 
Small 5 

Small 1 

Fluidizedbed combustort: 

Large grass roots 
Large retrofit 



Small cogeneratton 



Capacity 



Location 



Primary sources of funds 



Status 



None 

38 x 0 04 MWe (net) 
5 x 0 04 MWe (net) 



Various locations 
Various locations 



Utility, nonutitity, and 

Government 
Utility, nonutility, and 

Government 



Installed 

Under construction 



IGCC n 

Batteries: 

Lead acid 0 
Zinc chloride 
CAES. 
Mini 
Maxi 



160 MWe 


Paducah.KY 


Utility k and Government 


Under construction (1969) 


100 MWe 


Nucla, CO 


Utility" 


Under construction (1987) 


125 MWe 


Burnsville, MN 


Utihty k 


Under construction (1966) 


125 MWe 


Brookesvitle, FL 


Nonutility 


Under construction (1986) 


30 MWe 


Colt on, CA 


Nonutility 


Under construction (1985) 


25 MWe 


Fort Wayne, IN 


Nonutility 


Under construction (1966) 


15 MWe 


lone, CA 


Nonutility 


Under construction (1987) 


67 MWe 


Chester, PA 


Nonutility 


Under construction (1966) 


90 MWe' 


Decatur, IL 


Nonutility 


Under construction (1986) 


50MWe m 


Cedar Rapids, IA 


Nonutility 


Under construction (1967) 


3 5 MWe 


Pekin, IL 


Nonutility and 


installed 






Government 




28 MWe 


Pontiac, Ml 


Nonutility 


Under construction (1986) 


2 8 MWe 


Washington, DC 


Nonutility and 


Installed 






Government 




24 MWe 


Enfield, ME 


Nonutility 


Under construction (1986) 


20 MWe 


Chinese Station, CA 


Nonutility 


Under construction (1986) 


100 MWe 


Daggett, CA 


Utility, nonutility, and 


Installed 






Government 




0 5 MWe 


Newark, NJ 


Utility and Government 


Installed 


None p 







None 
None 



'includes small and medium sized wind turbines 

approximately 560 MWe were operating tn California at the end of 1984 It is not known how much additional capacity was installed by May 1965 h 
approximately 100 MWe were operating outside of California at the end of 1984 It is not known how much additional capacity had been installed outside California 
by May 1965 

d lt Is not known how much capacit/ was under construction on May 1, 1985 

•This facility, the Solar One Pilot plan:, 13 not a commercial-scale plant and differs tn other important ways from the type of system which might be Jepioyed commer- 
cially in the 1990s 

This installation consists of only one electricity producing module, a commercial installation probably would consist of hundreds of modules 
jjOnly 10 percent of tne modules were operating at the time because of problems with the power conversion systems 
"Installed but not operating, pending contracture! negotiations with utilities 
'The equipment modules have been delivered to the site, site preparation, however, has not started 
'These units are not commercial-scale jntts 
"Including the Electric Power Research Institute 

This is the total capacity which may be generated from the four AFBC boilers which will ue installed 
m This is the total capacity which may be generated from the two AFBC boilers which will be Installed 

n While this r.rtallaVon, the Cool Water unit, us*: -ommercial scale components, the installation itself is not a commercial scale Installation 

°While this ins allatfon at the Battery Energy Storage Test Facility uses acommerclal scale battery module, the installation itself is not a commercial-scale installation 

PA 0 5-MWe zinc chloride commercial-scale battery module was, however, operating at the Battery Energy Storage Test facility until early 1965 

SOURCE Office of Technoloov Assessment 
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Chapter 5 

Conventional Technologies for 
Electric Utilities in the 1990s 



INTRODUCTION 



The financial difficulties faced by utilities in the 
1970s and early 1980s have prompted many to 
investigate extending the lives of existing facilites 
or even rehabilitating old plants to yield addi- 
tional capacity. Control of electricity end use has 
also surfaced as another promising alternative to 
meeting all or part of future load growth. For most 
of these utilities, however, conventional central 
station powerplants still provide the base against 
which all other supply-enhancing or demand- 
controlling investments are compared. 

This chapter presents a benchmark set of cost 
and performance estimates for conventional op- 



tions of traditional central station powerplants 
and for a variety of options which extend the lives 
or otherwise improve the performance of exist- 
ing generating facilities. Since these strategic op- 
tions are not the principal focus of this assess- 
ment, these estimates are presented primarily to 
enable comparisons with the new generating op- 
tions discussed in chapter 4. These comparisons 
are reported in chapter 8. In addition, load man- 
agement, one of the strategic options being pur- 
sued agressively by utilities in many regions of 
the United States for controlling end use of elec- 
tricity, is discussed in this chapter. 



PLANT IMPROVEMENT AND LIFE EXTENSION 



Introduction 

In the wake of declining demand growth and 
soaring costs of new generating capacity, many 
utilities have begun to examine the so-called 
plant betterment option for improving the per- 
formance of or extending the lives of existing ca- 
pacity. 1 This option is likely to become 
increasingly important through the end of this de- 
cade and into the 1 990s-a period when the U.S. 
powerplant inventory will undergo dramatic 
changes. For example, since 1975, new plant ord- 
er cancellations nationwide by utilities have ex- 
ceeded new plant orders. By the year 1995, if 
present new plant ordering patterns continue 
about a third of the existing fossil steam generat- 
ing capacity in the United States will be more 



'R C Rittenhouse, "Maintenance and Upgrading Inject New Life 
Into Power Plants," Power Engineering, March 1984, pp 41-50, 
T Yezerski, Pennsylvania Electric Association Power Generation 
Committee, "Power Plant Life Extension Practice at Pennsylvania 
Power & Light Co ," unpublished paper, Sept 18, 1984, R Care- 
lock, Potomac Electric Power Co , "Plant Life Extension* Potomac 
River Generating Station," unpublished paper, September 1984 



than 30 years old (see figure 5-1 and table 5-1). 
The age distribution varies considerably by 
region, however, as discussed in chapter 7. 
Moreover, the plants "coming of age" during this 
period will be considerably more val *able than 
those of early vintages, in the 1950} unit sizes 
grew to over 100 MW and heat rates fell to be- 
low 10,000 Btu/kWh while older units (1920s and 
1930s vintage) were much smaller with heat rates 
of as high as 20,000 Btu/kWh. 2 While in the past, 
the benefits of new technology far outweighed 
plant betterment options, because of the relative 
quality of currently existing plants, this situation 
is rapidly changing. 

Traditionally, investments in aging fossil plants 
began to decline after about 25 years causing re- 
liability to deteriorate accordingly. The plants 
were relegated to periodic operation, reserve 
duty, and, finally, demolition. For the remainder 



2 R Smock, "Can the Utility Industry Find a Fountain of Youth 
for Its Aging Generating Capacity?" Electric Light and Power, March 
1984, pp 14ff 



ERIC 



14 i 



133 



134 • New Electric Power Technologies: Problems and Prospects for the 1990s 



Figure 5-1.— Age of U.S. Electric Power Generating Facilities, 1980*95 



800 




1980 1995 1980 1995 1980 1995 1980 1995 1980 1995 1980 1995 

Coal Oil and gas Total Nuclear Other Total 

i 1 



Fossil steam 

SOURCE Office of Technology Assessment prepared from data provided by E H Pechan & Associates, 1984 



Table 5-1.— Average and Weighted Average Age of U.S. Electric Power Generating Facilities, 1984 







Total capacity 


Average age 


Weighted* average 


Type of unit 


Number of units 


(MW) 


(years) 


age (years) 


Coal steam 


1,352 


255,197 


23.6 


13 2 


Oil steam 


794 


99,175 


28 9 


179 


Gas steam 


823 


63,708 


27.4 


17.4 


Lignite steam 


38 


11,382 


169 


5.9 


Nuclear 


91 


72,736 


72 


5.8 


Combined cycle 


86 


6,788 


88 


7.5 


Oil peaking 


839 


31,199 


11.2 


10.2 


Gas peaking . 


208 


6,453 


11 7 


97 


Internal combustion 


2,302 


3,922 


27 2 


22.1 


Hydro . 


2,642 


64,788 


45 7 


24 1 


Pumped hydro ... 


130 


14,436 


11 4 


81 



•Weighted by installed generating capacity in megawatts 



SOURCE Robert Smock ' Can the Utility Industry Find a Fountain of Youth for Its Aging Generating Capacity'' ' Electric Light »nd Power, March 1984, pp 13 17 
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of this decade, as new nuclear base bad plants 
come on-line, existing base load fossil units will 
increasingly be relegated to cycling duty which 
can significantly shorten plant life. Recent studies, 
however, show that in many cases, such plants, 
at least those built in tk? 1950s and 1960s, can 
be refurbished cost effectively for $200 to $400/ 
kW, even in cycling duty applications. 3 These 
studies also indicate that some refurbishment 
projects can include efficiency improvements, 
and capacity upgrades of 5 to 10 percent. 4 

Finally, many siting and environmental require- 
ments facing new capacity can be avoided by 
rebuilding existing capacity. Table 5-2 shows the 
marked contrast in these requirements for new 
versus existing coal-fired units. Current Federal 
regulations (New Source Performance Standards— 
NSPS) require that any unit that is more than 50 
percent rebuilt (defined as 50 percent of the cost 
of a new boiler) must reduce sulfur dioxide emis- 
sions by 90 percent of the uncontrolled level. It 
turns out that a great deal of plant betterment can 
be accomplished under this 50 percent require- 
ment. Moreover, an important consideration with 
this requirement is that the emissions reduction 

'Gibbs & Hill. Inc , "Considerations for Power Plant Life Exten- 
sion Prospects for the 1990s,'' contractor report to OTA, October 
1984 

4 R Smock, "Operating Unit Heat Rates Can Be Cut, Says EPRI, 
New Units Can Be 10 Percent More Efficient," Electric Light and 
Power, March 1984, p 24 



strategy for the unit must be "practical." 5 Utilities 
assert, in some cases, that if the NSPS require- 
ment were applied, life extension and plant bet- 
terment options would not be practical, i.e., cost 
effective, because scrubber backfits would be 
necessary. 6 We discuss these considerations later. 

Objectives of Plant Betterment Options 

It is important to note that plant betterment is 
only a substitute for new capacity to the extent 
plant retirement can be deferred past the time 
originally scheduled, and the plant's capacity can 
be increased as a result of betterment. When 
these conditions prevail, plant betterment options 
offer considerable promise 7 relative to other stra- 
tegic options. However, they present a compli- 
cated planning problem for utilities. Indeed, a 
considerable investment is often required to de- 
velop the details of a prospective project and its 
expected cost. For example, in 1984 Wisconsin 
Electric Power Co. commissioned detailed plant 



5 The regulation reads that an existing facility falls under theses 
guidelines provided "it is technologically and economically feasi- 
ble to meet the applicable standards set forth in this part." 

*"Power Plant Life Extension Economics, Plans Explored at Amer- 
ican Power Conference," Electric Lignt and Power, June 1984, pp. 
27- ,0 

7 One indication that this promise is already being realized is that 
average plant availability of existing units in the United States has 
increased from 67 percent in 1977 to 76 percent in 1984, partially 
as a result of plant betterment activities 



Table 5-2.— Environmental Requirements for Existing and New Plants 



Particulate 



/ ^missions SO» 



NO, 



Existing plants (18. 
Varies from 0.12 
to 0.25 lb/ 
MMBtu 



Condenser 
cooling water 



Ash disposal Wastewater treatment 



sPlcal plants): 

3 2 Ib/MMBtu Com- 
pliance based on 
coal analysis 



1 3 Ib/MMBtu Thermal limits 
No monitoring based on eco- 
required logical studies 



Sluicing and 
ponding of 
combined fly 
and bottom ash 



New plants >73 MW: 

0.03 Ib/MMBtu 1 2 Ib/MMBtu and 



20% opacity Re- 
quires baghouse 
or very efficient 
electrostatic 
precipitator 



0 6 Ib/MMBtu 
and 65% 
reduction 
Compliance 
based on con- 
tinuous mo- 
nitors 



Cooling towers 



90% reduction ex- 
cept 70% if emission 
<0 06 Ib/MMBtu 
Compliance based on 
continuous monitors 
Requires coal clean- 
ing or wet scrubber 
(total capital = 
$248/kW) 

SOURCE W Parker, Plant Life Extension— An Economic Recycle,'' Power Ens wring, Jjlv 1984, and Judi Greenwald, U S Environmental Protection Agency, per 
sonal correspondence with OTA staff, June 18, 1985 



Dry collection 
and reuse or 
landfilling of 
flyash. Sluicing 
and ponding of 
reuse of bottom 
ash 



Combining waste 
streams (coal pile, 
broiler cleaning, etc.) 
for cotreatment in 
ash pond 

Dedicated possible 
separate treatment 
pond(s) may require 
artificial liner(s) and 
chemical addition 
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betterment studies on a number of existing fos- 
sil units, at a cost of more than $1 million per 
study. 

In considering plant betterment or life exten- 
sion programs, utilities need to account for both 
system level objectives, such as coordination with 
existing capacity expansion and scheduled main- 
tenance plans, and unit level objectives, such as 
extending the life for a target number of years 
at a specified level of capacity, efficiency, and 
availability. Indeed, the overall characteristics of 
a utility's system dictate the timing and level of 
investment justified in a particular betterment/life 
extension project. For example, a utility with a 
high reserve margin may consider the relatively 
simple step of derating an aging unit to lengthen 
its life, while a utility with a low reserve margin 
may consider upgrading the unit to both extend 
its life and increase its capacity. Although the age 
of the unit and the production lost during rebuild- 
ing may make the latter strategy more costly than 
life extension alone, usually it is still much less 
expensive than building new capacity. 

Ultimately, all individual improvements relate 
to either increased productivity or longevity. 
Productivity improvements involve increased 
efficiency; increases (restoration or upgrading) in 
rated capacity; reduced fuel costs (e.g., through 
fuel switching); reduced labor requirements; in- 
creased capacity factors; and reduced emissions. 
Longevity improvements include mechanisms for 
increasing plant life at specified levels of rated 
capacity. This may mean extending the life of a 
unit at full rated capacity or, by contrast, "moth- 
balling" the unit for use at a later time when all 
or part of the rated capacity is needed; mothball- 
ing is sometimes referred to as an extended cold 
shutdown. 

Virtually all life extension/plant improvement 
programs begin with a detailed performance test 
of any candidate plant to determine the current 
status of the equipment, i.e., how far the current 
plant operating parameters are from the original 
design specifications. Equipment evaluated in the 
performance test includes the turbine generator, 
boiler, condenser, feedwater heaters, auxiliary 
equipment systems, flue gas cleaning equipment, 
and plant instrumentation. Comoarison of the 



most recent performance test with historical per- 
formance identifies areas to be investigated in 
more detail. A detailed examination of the boiler 
usually precedes other studies since its results are 
likely to control the length of the overall plant 
betterment project being considered. Also, other 
areas of the overall study may be affected if, for 
example, the boiler analysis reveals that it must 
be operated at lower pressure to lengthen its life. 8 

Recommendations resulting from a detailed 
performance test and analysis, sometimes termed 
a design change package (DCP), 9 generally fall 
into two categories: 1) new procedures for start- 
up, operations and maintenance, training of per- 
sonnel, update of performance records, and 
spare parts support; and 2) equipment or com- 
ponent modifications. The category (1) improve- 
ments are usually relatively low cost and very cost 
effective. The nature of the category (2) improve- 
ments depends on the age of the equipment and 
the facility. 

Likely plant betterment candidates are middle- 
age generating units (10 to 20 years old) which, 
at some point in their lives, are usually relegated 
to intermediate duty cycling where they experi- 
ence greater load changes, and more frequent 
starting and stopping. As noted earlier, this 
change in operation can significantly reduce the 
operating life of the unit and, as a result, upgrad- 
ing of middle age units often means adapting 
them for cycling duty. Typical enhancements in- 
clude full flow lubricating oil systems, automatic 
turbine controls, and thermal and generator per- 
formance monitors (newer units will also bene- 
fit from these improvements). In addition, th ■ 
middle-aged units will benefit from turbine mod- 
ification and temperature control equipment. 

Upgrading or life extension of older units (20 
years or more) usually requires evaluating the 
replacement of major components such as tur- 
bine rotors, shells, and generator coils. While up- 
rating of components, such as the turbine, may 
be possible for older units, it is usually a highly 



8 S j ScheblerandR B Dean, Stanley Consultants, "Fossil Power 
Plant P^erment," paper presented at Edison Electric Institute Prime 
Movers Committee Meeting, New Orleans, LA, Feb. 1, 1984 

9 W O'Keefe, "Planning Helps Make Plant Improvements More 
Effective," Power, February 1984, pp 89-90. 
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customized job. Table 5-3 shows a typical tur- 
bine generator uprating checklist which gives the 
possible limitations on a candidate upgrading pro- 
gram. Figure 5-2 shows the possible improve- 
ments in heat rate of an upgraded (uprated and 
restored) turbine-generator unit. 

The complexity of performance testing and 
analy^'s has prompted the major equipment 
manufacturers to offer comprehensive plant mod- 
ernization programs. 10 Both manufacturers and 
architect-engineering firms see plant betterment 
projects as a promising market for their goods and 
services. 

Finally, some plant improvement projects may 
be aimed at reducing emission levels or the use 
of specific fuels. For example, many projects in 
recent years have been carried out to convert oil- 
fired capacity to coal. Such conversions often in- 
volve unit derating, but recent studies show that 
recovering as much as two-thirds of the capac- 
ity lost after coal conversion can be achieved at 
40 to 50 percent of the dollars per kilowatt coal 
conversion cost. 11 



Figure 5-2.-Htat Rate v. Generator Output for 
Uprated and Restored Turbine«Qenerator Set 



,0 For example, Westinghouse has been marketing turbine- 
generator upgrades tor several y?ars 

"P Miliaras, et ai , "Reclaiming Lost Capability in Power Plant 
Coal Conversions An Innovative Low-Cost Approach," Proceed- 
ings of the joint Power Conference, American Society of Mechan- 
ical Engineers, 1983, 83-jPGC-Pwr 



Table 5-3.— Turbine Generator Uprating Checklist 

1 Additional plant steaming capability 

• Boiler flow, pressure, and temperature 

• Condenser flow and vacuum 

• Feedwater heater train pressures and flow 

2 Additional electrical capability 

• Breakers 

• Distribution system 

• Protective devices 

3 Generator capability: 

• Field and armature temperatures 

• Actual cooling water temperature 

• Present condition 

• Exciter capability 

4 Turbine uprating capability 

• Casing limitations 

• Exhaust bucket limitations 

• Modification packaging 

5 Uprating effects on system efficiency 

• Design improvements 

• Restorations effects 

• Part load effects 



14,000 




10 



30 



40 



20 

Output— 1,000 kW 

SOURCE Westinghouse Electric Corp , "Power Plant Life Extension, Renova- 
tion & Uprating Workshop." presented to American Public Power 
Association, Omaha, NB, May 22-24, 1964 



Relative Cost and Performance 

The principal effects of fossil powerplant aging 
are: 1) decreased efficiency, i.e., the amount of 
electricity generated per Btu declines as plant 
heat rate increases, and 2) more and longer 
forced outages. Figure 5-3 shows the rate of in- 
crease in heat rate as a function of age for a typi- 
cal fossil plant; the average is about 0.3 percent 
per year with average maintenance practices. 12 
After about 20 years, the reliability of typical 
plants declines dramatically; figures 5-4 and 5-5 
show typical increases in rate and duration of 
forced outages as a function of age. 

Utility concern about reliability, in particular, 
prompts the decision to invest in plant betterment 
projects because the cost of lost production dur- 
ing an outage may be very high. For example, 
if a utility's replacement power cost $0.04/kWh, 
a 1 percent improvement in the capacity factor 
of a 500 MW fossil unit will save the utility about 
$1.75 million a year. That savings must, of course, 
be balanced against the cost of achieving the ca- 
pacity factor improvement; this trade-off is the 
central focus of plant betterment studies. The 
trade-off is illustrated in figure 5-6; the total "relia- 
bility cost" of operating a generating facility is the 
sum of the cost of lost production when outages 
occur and the plant betterment investment (or 



SOURCE T Yezerski. "Power Plant Life Extension Practice at Pennsylvania 
Power & Light Co. briefing presented to Pennsylvania Electric 
Association Power Generation Committee, Hershey. PA. Sept id. 1984 



U H Stoll, General Electric Co , "The Economics of Power Plant 
Upgrading," unpublished paper, May 22, 1984 
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Figure 5-3.— Trend of Powerplant Heat Rate 
With Age 



Figure 5-5.— Trend of Plant Fo.ced Outage Rate 
Duration With Age* 





2 0 10 20 

Age in years 

SOURCE J Studniarz, Upgrading Fossil Steam Turbine Generators.'' General 
Electric Co unpublished paper, 1984 



Figure 5-4.— Trends of Forced Outage Rates 
With Age* 




a Powerplant forced outage rate trends by annual forced outage hour contn 
buttons for coal fired units 50 to 200 MW 

SOURCE H G Stoll, The Economics of Power Plant Upgrading. ' paper 
presented at the Power Plant Life Extension. Renovation, and 
Upratmg Workshop. American Public Power Association. Omaha, 
NB, May 22, 1964 



Figure 5-6.— Life Extension Cost v. 
Powerplant Reliability 



20 

Unit age (years) 

a Fossil fired 50 to 200 MW units 

SOURCE H G Stoll The Economics ol Power Plant Upgrading paper 
presented at the Power Plant Lite Extension RenOvatiOn and 
Upratmq Workshop American Public Power Association Omaha 
NB May 22 1984 




Reliability 

SOURCE Adapted from R C Rittanhousa, "Maintenance and Upgrading Inject 
New Life into Power Piantt," Power Engineering, March 1964 
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preventative maintenance allowance) charged to 
the plant to establish a given level of reliability. 
The cost of outage decreases as reliability in- 
creases and the plant betterment investment in- 
creases. The target of a plant betterment program 
is to minimize the total cost as shown in the 
figure. 

The life extension and/or upgra^.ng decision 
is complicated by the fact that, while a power- 
plant's forced outage rate increases with age, the 
aging characteristics of individual plant compo- 
nents as well as the cost of improving compo- 
nent reliability may vary widely. 

Regulatory and Insurance 
Considerations 

Regulation of Plant Betterment Projects 

In addition to engineering feasibility, compli- 
ance with over 50 Federal and State regulations 
may be required in the course of considering a 
plant betterment program. 13 These include Fed- 
eral and State air quality programs, water qual- 
ity and solid waste programs, environmental im- 
pact studies, Corps of Engineer rules, exemptions 
from the Powerplant and Industrial Fuel Use Act, 
and utility commission approval— see table 5-4. 

Perhaps the most important regulatory consid- 
erations are the major Federal air quality regula 
tions of NSPS, mentioned earlier, and the Pre- 
vention of Significant Deterioration (PSD) rules. 
Generally, Federal regulations apply to a plant 
betterment program that increases emissions by 
any amount or costs more than 50 percent of a 
new boiler. State Implementation Plans and other 
State air quality statutes will generally apply to 
all projects. 

Of particular concern may be the NSPS require- 
ments which require that, if a fossil plant (>250 
MMBtu/hr and constructed prior to 1971) is ei- 
ther ''modified" or "reconstructed" as defined 
in table 5-4, the plant is subject to the 1978 NSPS 
provisions of stringent emissions limitations and 
percent sulfur removal. This would in most in- 



U D Ward and A Meko, "Regulatory Aspects of Power Plant Bet- 
terment," Workshop Notebook Fossil Plant Life Extension (Palo 
Alto, CA ElettrK Power Research Institute, june 1984), EPRI 
RP-1862-3 



Table 5-4.— Powerplant Life Extension Projects: 
Regulatory Summary 



Federal requirements: 

NSPS (air) 

• Standards apply if facility is: 

1 new. 
—replacement of boiler 

2 modified: 

—physical or operational change that results in 
increased emissions 

3 reconstructed: 

—fixed capital costs exceed 50% of the cost of a 
new steam generator. 

PSD (air): 

• Permit requirements apply to "major 
modification"— modification for which net emissions 
increase exceeds de minimis limits (permit may be 
issued by State). 

NPDES (water): 

• Permit required for point source discharges to 
navigable waterways. Modified sources require new 
or modified permit (permit may be issued by State). 

Stste requirements: 

Air: 

• New or modified construction and operating permits 
required. 

• Bubble policy may apply. 
Water 

• New or modified construction and operating permits 
required. 

Solid waste. 

• New or modified construction and operating permits 
required 

Other requirements: 

EIS: 

• Not required unless major renovation subject to 
Federal licensing occurs 

Corps of Engineers: 

• Nationwide permits for construction activity in 
navigable waters are available. 

State PUC. 

• Approval required for modification of powerplant and 
recovery of costs through rate base. 

SOURCE 1 Evans. "Regulatory Considerations of Life Extension Projects." Vir- 
ginia Electric Power Co . unpublished report. 1964 

stances require pollution controls on a facility 
where few, if any, existed prior to the modifica- 
tion. The requirements are even more stringent 
for plants constructed between 1971 and 1978. 
It is important to note, however, that under the 
current regulations a great deal of plant better- 
ment can be and is already being accomplished 
without these provisions being invoked. 

A PSD permit is also required for any major 
modification to an existing plant; a special set of 
provisions defines and is applied to such modifi- 
cations. Finally, if an upgraded existing facility in- 
creases emissions in a nonattainment area, pol- 
lution offsets would be required. 
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Insurance Considerations 

Of some concern in plant betterment projects 
is how insurance coverage might be affected. In- 
surance carriers generally consider the nature of 
risk exposure associated with a modified plant 
to be different from that of a comparable new 
facility. When setting insurance coverage pre- 
miums, H ^se carriers now initiate very extensive 
evaiuatic is (and annual reevaluations) of candi- 
date equipment, particularly as more policies are 
written on a "comprehensive basis' where every 
piece of equipment is insured." 14 As the power 
industry moves towa d including more plant bet- 
terment/life extension in its strategic planning, the 
implications on insurance coverage will become 
more important. 

Inck "try Experience 

To date, most life extension activity has been 
confined to planning, but a number of projects 
have been announced. 

Potomac Electric Power Co. (PEPCO) has an- 
nounced a $79 million project on its Potomac 
Rr Station, tL. oldest in the PEPCO system with 
two 92 MW and three 110 MW units built be- 
tween 1949 and 1957. The work will be per- 
formed over the next 10 years during each unit's 
annual 2-month scheduled outage. 15 

Pennsylvania Power & Light Co. (PP&L) is re- 
viewing all .ossil and hydroelectric capacity built 
between 1949 and 1977, comprising about 4, X) 
MW. The utility has initiated a formal techn.cal 
inspection p-< '<ram and has identified $173 mil- 
lion wo.th ot hjividual recommendations. 16 The 
most important of these is a $20 million project 
to extend the life of Brunner Island Station (343 
MW Unit 1) to 2010. 



Wisconsin Power & Light (WEPCO) has com- 
missioned detailed life extension studies at its Port 
Washington Station (five 80 MW units commis- 
sioned between 1935 and 1950) and its Cak 
Creek Station (eight units totaling 1,670 MW com- 
missioned between '953 and 1967). 

Cincinnati Gas & Electric Co. (CG&E) has 
decided to commit $2.8 million to its 94 MW 
Beckjord Unit 1 turbine (currently 29 years old) 
to permit continued operation through 2013. 

Colorado Ute Electric Association, Inc., is com- 
pleting a major life extension project that includes 
an atmospheric fluidized-bed (AFBC) boiler ret- 
rofit to increase the plant capacity at their Nucla 
facility from 36 to 110 MW. The project objec- 
tives include a 1 5-percent increase in overall heat 
rate, a 30-percent reduction in fuel costs, and re- 
duced emissions. The estimated project cost is 
$840/kW. 17 As mentioned in chapter 4, retrofit 
applications are likely to be an important entry 
point to the utility market for AFBC technology. 

Duke Power Co., Florida Power Corp., and the 
Tennessee Valley Authority have all initiated ex- 
tended cold shutdown programs for a number 
of units wnich they plan to reactivate in the early 

1990s. 

Summary and Conclusions 

Plant betterment and life extension of aging fos- 
sil units are emerging as economical alternatives 
to new capacity construction to the extent this 
can be done, tor many utilities. As the industry 
gains experience with these options, the costs of 
such activities will become less uncertain. As the 
U.S. powerplan* inventory matures in the late 
1990s, plant betterment and life extension are 
likely to become major components in the port- 
folio of strategic options of most generating elec- 
tric utilities. 



,4 F Mansfield, "A Risk Taker Looks at Utility Equipment Plant 
Betterment/' Workshop Notebook Fossil Plant Life Extension (Palo 
Alto, CA Electric Power Research Institute, June 1984), EPRI 
RP-1862-1 

,S R Smock, "Operating Unit \ .eat R"»tes Can Be Cut, Says EPRI, 
New Units Can Be 10 Percent More mcient," op cit , 1984 

'*T Yezerski, "Power Plant Life Extension Practice at Pe. nsyl- 
vania Power & Light Co , " op cit , 1984 



,r T MoofP, "Achieving the Promise of FBC," EPRI Journal, Jan- 
uary/February 1985, pp 6-1 5 
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CONVENTIONAL GENERATING OPTIONS 



In order to be deployed in significant numbers, 
the developing technologies addressed in thib re- 
port must compete successfully with existing elec- 
tric utility generat : ng options. The five major con- 
ventional power generation technology types that 
will most likely be available to electric utilities in 
the 1990s are. pulverized coal-fired plants, com- 
bined-cycle plants, combustion turbines, slow- 
speed diesels, and light water nuclear power- 
plants. 

This section briefly presents the benchmark 
cost and performance estimates for these five 
technologies as well as for life extension of ex- 
isting coal-fired plants. Cross-technology compar- 
ison of these technologies with the developing 
technologies is contained in chapter 8. 

T able 5-5 contains the benchmark set of cost 
and performance estimates for the five conven- 
tional technologies. All of the listed technologies, 
except one— coinoustion turbines— are capable 
of base load operation. Three of these technol- 
ogies, pulverized coal-fired, combined-cycle, and 
slow-speed diesel, are also capable of inteime- 
diate-load operation. One major difference 
among the conventional alternatives is plant size. 
Although there is increasing interest in small, 
modular plants (see chapter 3), the technologies 
listed in table 5-5 are generally large, central sta- 
tion powerplants. Slow-speed diesels and com- 
bustion turbines represent the smaller sized cen- 
tral station technologies. 

The levelized cost model used in chapter 8 was 
used with the cost and performance estimates 
shown in table 5-5 to derive most likely electric 
utility costs. These levelized costs are presented 
in figure 5-7. This figure also includes a levelized 
cost estimate for existing coal powerplant better- 
ment. The plant costs and the capacity and effi- 



Figure 5-7.— Conventional Technology Costs, 
Utility Ownership— West 
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ciency upgrades discussed earlier were applied 
tc the generic coal plant listed in table 5-5 to de- 
rive an expected cost for coal plant betterment. 
According to this figure, the lowest cost conven- 
tional alternative is life extension and plant bet- 
terment of existing coal units. The next lowest 
cost conventional alternative is pulverized coal 
plants, followed by light water nuclear plants. 

The cost and performance estimates for the 
conventional technologies discussed in this sec- 
tion represent the present technologies expected 
to be available in the 1 990s. Additional enhance- 
ments to these technologies or different design 
configurations may occur prior to 1990 which 
could dramatically change these expected costs. 
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Table 5-5.— Cost and Performance Summaries 



Technologies 





Pulverized 


Combined- 


Combustion 


Slow-speed 


Municipal 




Reference system 


coal-fired 


cycle 


turbine 


diesel 


solid waste 


Nuclear 














1990 




1990 


1990 


1990 


1990 


1990 


Reference-plant size 


500 MWe 


600 MWe 


150 MWe 


40 MWe 


60MWe 


1,000 MWe 


Lead-time 


6-8 years 


3-4 years 


2-3 years 


2 years 


5-7 years 


11 years 


Land required . . 


640 acres 


5-10 acres 


2-5 acres 


10-15 acres 


20 acres 


1,000 acres 


Water required . . . 


5 94 million 


2 9 million 


Negligible 


Negligible 


0 85 million 


10 million 


gal/day 


gal/day 






gal/day 


gal/day 


rwtiontwmncv pwmnivivt o . 










85% 


68% 


Operating availability 


75% 


90% 


90% 


95% 


Duty cycle 


Intermediate/ 


Intermediate/ 


Peaking 


Intermediate/ 


Base 


Base 


base 


base 




base 






Capacity factor 


25-75% 


25-75% 


5-15% 


25-75% 


65-75% 


65-75% 


Plant lifetime 


30 years 


30 years 


20 years 


30 years 


20 ye-'S 


30 years 


Flant efficiency 


34% 


40% 


25 0% 


39% 


20 7% 


31.9% 


Co$t$: 












$1,700-$2,100/ 


Capital costs 


$1,080/kWe 


$650/kWe 


$?o0/kWe 


$1,200/kWe 


$2,500/kWe 












kWe 


C&.M costs . 


9 5 mills/ 


2 4-4.2 mills/ 


4-4 7 mil's/ 


5.1-8.2 mills/ 


19 mills/ 


3-3.3 mills/ 




kWh 


kWh 


kWn 


kWh 


kWh 


kWh 


Fue' costs 


17 mills/ 


30.4 mills/ 


48 6 mills/ 


42 mills/ 


46.9 mills/ 


9.1 mills/ 


kWh 


kWh 


kWh 


kWh 


kWh 


kWh 



SOURCE Otttce of Technology Assessment, complied from Glbbs & Hill, Inc , "Overview Evaluation of New and Conventional Electrical Generating Technologies for 
the 1990s ' contractor repo'-' to OTA, Sept 13, 1964, and Technical Assessment Guide (Palo Alto, CA Electric Power Research Institute, 1982), EPRI P-2410-SR 



LOAD MANAGEMENT 



Introduction 

The term load management refers to manipu- 
lation of customer demand by economic and/or 
technical means. It involves a combination of 
economic arrangements and technology typically 
directed towards one of the following objectives: 

1 . Encouraging demand during off-peak peri- 
ods: During the valley? of a load curve, a 
large portion of generating equipment is idle. 
Utilities benefit when that capacity is more 
heavi 1 / used. This typically is achieved by 
either shifting use to those periods from 
peak-demand periods (load shifting) or by 
encouraging additional use during off-peak 
periods (valley filling). 

2. Inhibiting demand during peak periods: It 
may also be desirable to reduce peak-period 
demand. When electricity is purchased from 
other utilities, costs per kilowatt-hour dur- 
ing these periods are high. Or, to meet peak- 
period demand, a utility may have to use 
generators which are more costly to oper- 



ate because they are older and less efficient 
or they burn more expensive fuel. In addi- 
tion, if growth in p^ak-period demand re- 
quires the utility to invest in new capacity, 
load management may reduce the rate at 
which such expenditures must be made. 

In the context of this study, the most impor- 
tant benefit of load management lies in the sec- 
ond objective which if realized allows utilities to 
defer additional peak-load generating capacity. 
In addition, by reducing the share of the load 
served during the peak period, load management 
permits a higher proportion of demand to be 
served by lower cost electricity. Other advantages 
are also becoming evident as utilities gain more 
experience with load management, and as so- 
phisticated models are developed which permit 
ben *r assessment of load management. 18 For ex- 

,8 For example, see 1) john L Levett & Dorothy A. Con ant, "Load 
Manaflement for Transmission and Distribution Deferrel," Public 
Utilities Fortnightly, vol. 115, No 8, Apr. 18, 1985, pp 34-39, 2) 
Assoti... ' °ower Analysts, Inc , Study of Effect of Load Manage- 
ment on Generating-System Reliability (Palo Alto, CA: Electric Power 
Research Institute, 1984), EPRI EA-3575 
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ample, load management may reduce future de- 
mand uncertainty. And some utilities have found 
it to be an effective means of improving the effi- 
ciency of power system operation by allowing in- 
creased flexibility in the hour-by-hour allocation 
of system resources. 19 

Load management is only one of many closely 
related options available to utilities in managing 
demand. Other demand management alterna- 
tives include encouraging conversions to electric 
power through new applications, and more effi- 
cient use such as home insulation and electronic 
motor controls. In addition, demand manage- 
ment is also carried out indirectly to the degree 
that customers are encouraged to generate their 
own power. These other demand management 
options may be pursued independently of load 
management, or may be implemented as part of 
an integrated program with load management. 
Depend:. ig o» ;he nature of the demand man- 
agement strategy, the utility's daily load curve can 
be modified as shown in figure 5-8. 

Within load management fails a very wide 
range of strategies, technologies, and economic 
arrangements. These typically center around 
some combination of: 1) load management in- 
centives, 2) advanced meters, and 3) load con- 
trol equipment. While many other elements may 
Lo present in a load management program, these 
appear to be of pivotal importance. Although in- 
centives will be touched upon below, the em- 
phasis will be placed on the technologies them- 
selves: specifically advanced meters and load 
control en jipment. 

With respect to the number of customers, the 
residential sector is by far the most important in 
load management. But the fact that the sector 
consists of a large number of relatively small con- 
sumers makes load management quite difficult 
to assess and implement. In part, because of this, 
only a small fraction of the major electric appli- 
ances in this sector have load management con- 
trols (see table 5-6). Nevertheless, utilities are 
increasingly interested in residential load man- 
agement, both because the sector uses a large 



19 B F Hastings, "Cost and Performance of Load Management 
Technologies/' comments presented at OTA Load Management 
Workshop. Washington, DC, Aug 15, 1984 



quantity of electricity (in 1984 it accounted for 
34 percent of all electricity used) and because it 
is the largest contributor to the daily fluctuations 
in demand (see figure 5-9). 

In the industrial and commercial sectors, while 
only a relatively small number of loads have been 
managed, the contribution has been significant. 
These sectors contain major loads amenable to 
load management, and, compared to the residen- 
tial sector, fewer customers with larger demands 
per customer. Hence, load management is al- 
ready practiced more widely in these sectors. 
Considerable opportunities remain, however, 
and industrial and commercial customers likely 
will continue to account for a major portion of 
load management during this century. 

Current evidence suggests that load manage- 
ment will provide, in many cases, an economic 
alternative to new generating capacity in the 
1990s. It may be a particularly attractive utility 
investment when it is part of an integrated sys- 
tem designed not only to manage loads but also 
to serve other utility or customer needs. 

Some of the potential for load management can 
be met by using existing technologies at current 
costs and performance levels; but considerably 
greater application will require the introduction 
of technologies which offer a combination of 
cost, performance, and risk superior to current 
technology. Furthermore, institutional arrange- 
ments must be developed within which load 
management can be more easily deployed. Fi- 
nally, the costs, benefits, and uncertainties of load 
management options must be better understood 
and integrated into the thinking of utilities and 
of others upon whose decisions affect load man- 
agement deployment. 

Major Supply/Demand Variables 
Relating to Load Management 

Key End-Use Sectors and Applications 

Central to load management in the 1990s will 
be the electricity demand patterns which develop 
in the United States. What sectors will be most 
important and how will they use electricity? These 
patterns determine the magnitude of the load at 
anytime, and the shape of the load curve. They 
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Figure 5-8.— Load Shape Objectives 




'Aospted from Clark W Callings, highlights of • speech presented to the 1962 Executive Symposium of EEI Customer Service end Merketlng Personnel 

SOURCE Bat telle Columbus Division & Synergic Resources Corp , D#mend <$id§ Meneaemenf. Volume 3 Technology Atttm§tiv$* end Merket Implementation Method* 
(Palo Alto CA Electric Power ReseSrch Institute. 1964), EPRf EAVEM 3597 
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Ta^'<* 5-6.— Uro of Major Electricity-Using Appliances in U.S. Residences, 1982 



Census region 



Household characteristics 


Total 


Northeast 


North Central 


South 


West 


Total households (millions) 


83 8 


180 


21 3 


28 1 


16 5 


Millions of households where electricity is m in 












Space heating (SH) fuel 


13 ' 


1 3 


21 


68 


3 1 


Water heating (WH) fuel 


26 e 


37 


55 


132 


4 2 


Millions of househjlds where electricity is sc :ondary 












SH fuel 


10 5 


1 9 


21 


42 


23 


Millions of households vith air-conditioning (A/C) 


48 7 


94 


123 


21 3 


57 


Millions of households with combinations of electric 












SH + WH with A/C 


90 


08 


1 6 


CA 


1 2 


SH + WH without A/C . 


29 


04 


03 


08 


1.4 


Minimum number of controllable points (millions) 3 


88 7 


14 4 


199 


41 3 


13.0 


Points controlled In 1983 (millions) 6 


1 2 


0 02 


0 44 


07 


0.13 


Total 1983 sales of electricity to residential sector 












(gigawatt hours) 


750,948 


111,619 


184,211 


317,458 


137,661 



a This merely is the sum of (number of households with electric space heating as primary source of heating) + (number of households with electric water heaters) 

+ (number of households with air.conditioners) 
b Tl,e figures for the number of points controlled are derived from a 1983 survey of 298 utilities The results were not broken down by census regions but by EPRI regions, 

since the EPRI regions do not coincide exactly with the census regions, the ftgures are approximate The points itemized here Only include water heaters, air-conditioners. 

and space heaters These figures include 0 03 million commercial points, because this figure ts so small compared to residential points, it does not significantly 

affect the magnitudes of the numbers 

SOURCES Office of Technology Assessment, based on data presented in US Department of Energy (DOE), Energy Information Administration (EIA), Housing 
Characteristics 1962 (Washington DC U S Government Printing Office, August 1984), DOE/EIA-031<82), u S DOE. EIA. Electric Power Annual 1963 (Washington, 
DC U S Government Printing Office, July 1984), DOE/ El A -0348(83). and Synergic Resources Corp , 1983 Survey of Utility End-Use Projects (Palo Alto. CA 
Electnc Power Research Institute, May 1984), EPRI EM 3529 



also strongly influence the selection of load man- 
agement strategies. For example, managing in- 
dustrial use of electricity for process heat will be 
quite different than that c* managing residential 
electricity demand for air-conditioning. 

Usage patterns will depend on many inter- 
related variables; precise predictions of future 
consumption are impossible. 20 Nevertheless, 
many useful generalizations can be maoe by 
looking at the conditions which have character- 
ized the past. 

In the residential sector, the single most impor- 
tant application of electric power is air-con- 
ditioning, which in 1 984 accounted for about 1 4 
percent of delivered residential electricity. 21 
Somewhat less important but still sizable quan- 
tities of electricity were used for water heating 
and space heating. These three applications ac- 
counted for over a third of residential electricity 
consumption in 1 983. These appliances are par- 
ticularly important in load management efforts 



20 For example, see Rene H Males, "Load Management— The 
Strategic Opportunity," Workshop Proceedings Planning and 
Assessment of Load Management (Palo Alto, CA Electric Power 
Rese-ch Institute, 1984), EPRI EA-3464, pp 3-1 thiough 3-8 

"End-use energy consumption excludes the energy used to gen- 
erate and transmit electricity to the end-use sectors, and accounts 
for only the enprgy used by the consumer 



because they typically are major contributors to 
fluctuations in overall demand for electric power 
(seo figure 5-9). 

In the commercial sector, lighting and air- 
conditioning are the most important applications 
for electric power, each accounting for roughly 
40 percent cf electricity use. Much of the rest h 
used in used in water and space heating. The use 
of electric power for air-conditioning and space 
heating in the commercial sector is especially im- 
portant. They accounted for 12 percent of na- 
tional electricity use (1984) and contribute sig- 
nificantly to daily fluctuations in demand. 

In industry, the largest fraction of electric 
power— over 50 percent in 1984— is used in ma- 
chine drives. Electrolysis accounted for about 1 3 
percent industrial electricity use; slightly less was 
used in generating process heat. Most of the bal- 
ance went for for space heating and lighting. 
While industry uses a large amount of the elec- 
trical energy, its cyclical variations tend to be less 
extreme than those in the commercial and resi- 
dential sectors. 

As table 5-7 suggests, the individual applica- 
tions which account for the largest portion of 
electricity use is found in the industrial sector, 
foliowed by the commercial sector and then the 
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Figure 5-9.— Illustration of Customer Class Load Profiles— North Central Census Region In the 1970s 

Peak summer day Peak winter day 




Hour Hour 
SOURCES Decision Focus, Inc , Integrated Analysts of Load Shapes and Energy Storage. ' 'arch 1979, and Bettelle-Columbus Division and SynerQic Resources Corp , 
Demand Side Management, Volume 3 Tecnnology Atlerr*t*e$ and Market Implementation Methods (Palo Alto, CA Electric Power Research Institute, 
1964), EPRI EA/EM 3597 



residential sector. The importance of individual 
sectors varies widely from region to region and 
from utility to utility, as does the importance of 
specific applications within those sectors. 

While there will be some changes in the rela- 
tive importance of some electricity end uses over 
the coming years, the 1983 patterns (table 5-7) 
provide a general indication of which loads will 
be most important in shaping the demand for util- 
ity power— and in load management efforts— in 
the 1990s. The success of load management will 
depend on the ability of the utilities to influence 
customer demand in those applications. 



Other Variables 

In addition to the characteristics of a utility's 
customers, other variables are important indica- 
tors of the potential for load management. Gen- 
erally speaking, load management tends to be fa- 
vored where load factors 22 are low and where 
peaking capacity is expensive and base load ca- 
pacity is cheap. Also, load management is favored 
where utilities purchase a large portion of their 

"Load factor is the ratio of the average load supplied during a 
designated period (e g , hourly, daily, monthly, or annual) to the 
peak or maximum load occurring during the same period 
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Table 5-7.— Major Uses of Purchased Electricity in the 
United States, 1983 



Percent of 
Billions total U S 
of kWh purchased 
Sector Application (estimated) electricity 



Industrial 


Machine drive . 


539 


25 


Commercial 


Air-conditioning 


231 


11 


Commercial 


Light .... 


220 


10 


Residential 


Air-conditioning 


111 


5 


Industrial 


Electrolysis . . . 


103 


5 


Residential 


Water heating 


97 


4 


Industrial 


Process heat 


97 


4 


Residential 


Space heat . . 


70 


3 


Commercial 


Water heating . 


59 


3 


industrial 


Light 


47 


2 


Commercial 


Space heat . . . 


29 


1 


Total . 




1,603 


74 



SOURCES Industrial The breakdown for industrial electricity use was obtained 
from table 1 10 in Pradeep C Gupta and Ahmad Faruqui, "EPRI Per- 
spective on Industrial Electricity Use,'' Proceedings Forecasting the 
Impact of Industrial Structural Chenge on US Electricity Demand, 
Battelle Memorial Institute, Columbus Laboratories (ed ) (Palo Alto, 
CA Eiectnc Power Research Institute, 1964), EPRI EA-3816, pp 1 1 
through 1 17 The percentage breakdown provided in the article was 
for 1980 it was assumed in the above calculations that the break 
down in i960 was the same as that in 1963 These percentages were 
applied to the Department of Energy estimates of industrial purchases 
of electrical power, see U S Department of Energy, Energy Informa- 
tion Administration, Energy Conservation Indicators 1983 Annuel 
Report (Washington, DC US Government Printing Office, 1984), 
DOE/EIA-0441, table 33 

Commercial: The breakdown for commercial energy consumption was 
obtained from Oak Ridge National Laboratory's A User's Guide to the 
ORNL Commercml End Use Model (Oak Ridge, TN ORNL i960) ft 
was assumed in (he above calculations that the breakdown provtoed 
by ORNL was the same as that which characterized the commercial 
sector in 1963 These percentage were applied to the DOE estimates 
of industrial purchases of electrical power, as provided in table 24 
of the Energy Conservetion Indicators 1963 Annuel Report, op cit 
1984 

Residential' The breakdown for residential energy consumption wa^ 
obtained from an estimate provided from u S Department of Ener- 
gy, Energy Information Administration, Annuel Energy Outlook 1984 
(Washington, DC US Government Printing Office, 1964), DOE/ 
EIA-0383 (84), table A 6 The breakdown was applied to the 1983 esti 
mate of residential electricity purchases, as provided in table 11 of 
the Energy Conservetion indicators 1983 Annuel Report, op cit . 1964 

electric power rather than generating it them- 
selves. These characteristics, alone or in com- 
bination, may encourage load management. 
Though these features vary from one utility to the 
next, some regional generalizations can be made. 
(See the section on load management in chap- 
ter 7.) 

Current Status of 
Load Management Efforts 

Because of the large variety of forms which load 
management may take, it is very difficult to ac- 
curately determine the extent to which it is be- 
ing exercised by utilities. There are, however, two 
key indicators of load management activity which 



have been examined in detail in surveys by the 
Electric Power Research Institute (EPRI). First is 
the implementation by utilities of innovative rates 
designed to modify customer electricity demand 
patterns. Second are activities by the electric util- 
ities relating to direct load control. 

Innovative Rates 

The Electric Power Research Institute in 1983 
sponsored a survey of electric utilities to gather 
information on innovative rates in the utility in- 
dustry. EPRI found that at least half of the investor- 
owned utilities in the United States had imple- 
mented or proposed innovative rates; and about 
6 percent of publicly owned utilities had done 
so. 23 The most commonly applied rates were 
time-of-use rates, rates which are linked to the 
specific time at which the power is needed. 
Figures 5-10 and 5-1 1 illustrate how a time-of-use 
rate can affect electricity demand. 

About 20 million electricity customers served 
by utilities which responded to the EPRI survey 
are affected by innovative rates. That is about 21 
percent of all the utility customers in the United 
States. 24 Most of the customers under the inno- 
vative rates were in the residential sector, though 



"The estimates are based on information pre ^ded by the Elec- 
tric Power Research Institute (Ebasco Business Consulting Co , Inno- 
vative Rate Design Survey (Palo Alto, CA Electric Power Research 
Institute, 1985), EPRI EA-3830) 

In the responses to a checklist sent to the members of the Amer- 
ican Public Power Association - nd the National Rural Electric Co- 
operative Association, approximately 1 75 members reported inno- 
vative-rate design activity Since there is a total of about 3,069 
publicly owned utilities in the United States, this amounts to about 
6 percent of all publicly owned utilities. This 1 75-member estimate 
should be treated as a low figure, as it does not include utilities 
which were not members of the two associations, nor does it in- 
clude utilities who did not respond to the checklist 

In the case of the investor-owned utilities, EPRI found that 106 
utilities have either proposed and/or implemented innovative rates. 
Since there are about 204 investor-owned utilities in the United 
States, this amounts to about 52 percent of those utilities As with 
the publicly owned utilities, this should be treated as a low figure. 
The number is based on only 123 survey responses -a bout 60 per- 
cent of investor-owned utilities 

"This is based on an estimate made by the Edison Electric Insti- 
tute that there was a total of 97 million ultimate customers of the 
entire electric utility industry as of Dec 31, 1983 (Edison Electric 
Institute, Statistical Yearbook of the Electric Utility Industry (Wash- 
ington, DC EEI, 1984), p 58) 
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Figure 5-10.— An Example of Time of Day Rate 




Hour 

SOURCE Jan Paul Acton, et ai Time-of Day Electricity Rates for the United 
States (Santa Monica. CA The Rand Corp . 1983). R 3086-HF 



Figure 5-11.— Time of Day Rates Shift Patterns of 
Electricity Use 




Noon 



3 pm 
Hour 



6 pm 



9 pm Midnight 



SOURCE Jan Paul Acton et al Time of-Day Electricity Rates for the United 
States (Santa Montca CA The Rand Corp 1983). R 3086 HF 



there were a substantial number of industrial and 
commercial customer as well. 25 

Unfortunately, very little is known about the 
precise impact of these rates on electricity sup- 
ply and demand nationwide. To the extent that 
assessments have been made, they typically have 
been utility-sDecific and limited in scope The 
ava^able evidence indicates that utilities have, 
in many instances, effectively and economically 
managed loads by implementing carefully struc- 
tured rate programs. 26 But this has not always 

M A( ( ording to a study by the Rand Corp (Jan Paul Acton, et al , 
Time-of-Day Electricity Rates for the United States (Santa Montca, 
CA The Rand Corp , November 1983), more than 12,000 corn- 
mere id! and industrial enterprises fell under time-of-day rates (the 
major form of time-ot-use rates) by the early 1980s 

"Ibid 
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been the case. Rates in some cases have been 
developed and implemented which have had lit- 
tle or no impact on demand patterns. This is an 
indication of the difficulty in understanding cus- 
tomer demand patterns and in designing and im- 
plementing rates for load management. 

Load Control 

Utilities have controlled loads in the United 
States for about half a century. The earliest ef- 
forts in the United States, in the 1930s, involved 
the installation by utilises of timers on appli- 
ances 27 to inhibit appliance operation during pre- 
selected periods. But only within the last decade 
have utilities seriously considered load control 
as a potentially attractive investment. 

The 1 983 EPRI survey also sought to assess util- 
ity activities in load control. 28 While, as men- 
tioned earlier, numerous objectives could be 
served by load control, the survey found that it 
has been viewed primarily as a means of reduc- 
ing wholesale power costs and has been most 
vigorously pursued by utilities which purchase 
much of their power from other utilities. By far 
the most active in load control are rural distri- 
bution cooperatives and municipal utilities. To- 
gether they accounted for one-third of the loads 
controlled in 1983. 

As is the case with innovative rates, the largest 
number of customers subject to load control falls 
within the residential sector (see table 5-8). Table 
5-6 summarizes the load management activity 
which was underway among U.S. residences, 29 
and provides a rough idea of the number of 
points which are available for control. The table 
suggests that only a very small portion— perhaps 
only a few percent— of the residential appliances 
are subject to load control. 

Given the large potential in the South (see ta- 
ble 5-6), it is not surprising that in 1 983, roughly 



2 'Synergic Resources Corp , 1983 Survey of Utility End-Use 
Projects (Palo Alto, CA Electric Power Research institute, May 1984), 
EPRI EM-3529 

"Ibid 

"The table includes only space heating, water heating, .md air- 
conditioning It doe* not include pool pumps and other controlled 
points 
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Table 5-8.— Load Control: Appliances and Sectors 
Controlled In 1983 Under Utility-Sponsored 
Load Control Programs 



Annl lanr o/cor tr> r 


Number of points controlled 


Electric water heaters 




Ati sectors 


648,437 


Residential 


643,910 


Commercial 


4,527 


Air-conditioners 




All sectors 


515,252 


Residential 


491,675 


Commercial 


23,577 


Irrigation pumps 




All sectors 


14,261 


Space heating systems 




All sectors . 


50,238 


Residential 


48,546 


Commercial 


1,692 


Swimminn pool pumps 




Residential 


ICO ftftO 

258,993 


Miscellaneous 




AH sectors 


13,71? 


Residential 


13,088 


Commercial 


34 


Industrial 


588 


All appliances 




All sectors 


1,500,891 000%) 


Residential 


1,456,212 (97%) 


Commercial 


29,830 (2%) 


Industrial 


588 (negligible) 


Agricultural 


14,260 (1%) 



SOURCE Synergic Resources Corp 1 963 Survey of Utility End-Use Projects {Palo 
Alto CA Electnc Power Research institute, May 1984), EPRI EM-3529 

58 percent of the load control points 30 nation- 
wide were located there; 37 percent were in the 
North Central region, followed by the West, with 
1 1 percent. The Northeast, though it appears to 
have somewhat more controllable points than the 
West, accounts for less than 2 percent of the 
points currently controlled. 

The nationwide impact of the load control 
measure^ in place in 1983 has not been precisely 
determined. It can be very roughly estimated, 



,0 A "point" in this discussion refers to the point at which the spe- 
cific load is controlled For example, if a home has a single air- 
conditioner with a load control device, that air-conditioner con- 
stitutes a point If the home had several such air-conditioners, each 
with its own load control device, each would be considered a point 
Consequently, any one customer may account for several points, 
depending on the number of independently controlled appliances 
on the premises 



however. The average peak load reduction 31 re- 
ported in the 1983 EPRI survey of 298 utilities was 
1 kW for each controlled residential air-con- 
ditioner and 0.6 (summer) to 0.9 (winter) kW for 
each controlled residential water heater. These 
averages should be interpreted with caution; the 
results vary widely from one utility to the next. 
Since there were 643,910 residential water heaters 
and 491,695 residential air-conditioners con- 
trolled in 1983, the peak load reduction might 
have been roughly 880 MWe in the summer (if 
all the water heaters were controlled during the 
summer) and 580 MWe (if all the water heaters 
were controlled during the winter). 

While positive results were observed for many 
load control projects, utilities often were not 
wholly satisfied with the performance of the load 
management technologies they used. In particu- 
lar, equipment has been relatively unreliable. The 
problems resulted from a combination of factors. 
To some extent these resulted from inferior prod- 
ucts, or other supplier problems; but many also 
resulted from the manner in which the technol- 
ogy was used. Most of these problems have been 
alleviated over time and appear to be the kind 
of passing difficulties which are to be expected 
with the application of new configurations of tech- 
nologies to relatively complex circumstances. 32 

Potential Peak Load Reductions 
From Load Management 

The potential peak load reduction from load 
management in the 1 990s depends on many fac- 
tors. At the most basic level, the peak load re- 
duction from any load management program de- 
pends on: 1) the total numbers of customers and 
electricity using appliances, 2) the nature of the 
appliances and the manner in which they are 

"The peak load reduction is the magnitude of the additional 
power which would have been required to meet demand had the 
appliance not been controlled 

"Analysis and Control of Energy Systems, Inc , Residential Load 
Management Technology Review (Palo Alto, CA Electric Power 
Research Institute, 1985), EPRI EM-3861 
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used, 3) the extent to which customers partici- 
pate in the load management effort, and 4) the 
peak load reduction achieved for each appliance. 
These variables in turn depend on many other 
conditions, some of which vary greatly from utility 
to utility, and even within the territory of * util- 
ity. Only now are methods being developed and 
refined for predicting the results of load manage- 
ment programs. 33 

An accurate, reliable, and detailed estimate of 
the nationwide potential of load management re- 
quires an effort beyond the scope of this report. 
However, strong evidence suggests that there are 
many opportunities for increasing the number of 
customers and points under load management 
programs. It is apparent that though innovative 
electricity rates are becoming more common in 
the United States, most utility custr Tiers do not 
yet fall under such rates. Likewise, as table 5-6 
suggests, only a tiny fraction of customer loads 
are controiled through load control programs. 

Evidence suggests that customers in many— 
though not all— instances would be favorably dis- 
posed towards both special rates and load con- 
trol. 34 The precise customer response depends 
not only on the character of the customers but 
also the nature of the load management effort. 35 
Where rates and load control are implemented, 
significant peak load reductions may occur. Con- 
siderable variation in customer attitudes toward 
load management and in the impacts of load 

JJ See the following 1) Robert T Howard, "Estimating Customer 
Response to Time-of-Use Rates," Workshop Proceedings Planning 
and Assessment of Load Management (Palo Alto, CA Electric Power 
Research Institute, 1984), EPRI EA-3464, pp 16-3 through 16-4 2) 
T D Boyce, "Estimating Customer Response to Direct Load Man- 
agement and Thermal Energy Storage Programs," Workshop 
Proceedings Planning and Assessment of Load Management (Palo 
Alto, CA Electric Power Research Institute, 1984), EPRI EA-3464, 
pp 16-7 through 16-10 

J4 See 1) Thomas A Heberlein & Associates, Customer Accept- 
ance of Direct Load Controls Residential Water Heating and Air 
Conditioning (Palo Alto, CA Electric Power Research Institute, 
1981), EPRI EA-2151, 2) Thomas A Heberlein, "Customer Attitudes 
and Acceptance of Load Management," Workshop Proceedings 
Planning and Assessment of Load Management (Palo Alto, CA Elec- 
tric Power Research Institute, 1984), EPRI EA-3464, pp. 4-1 through 
4-21, and 3) Ebasco Business Consulting Co , Innovative Rate De- 
sign Survey, op cit , 1985 

n See Tom D Stickels, San Diego Gas & Electric, "Analyzing Cus- 
tomer Acceptance of Load Management Programs," Workshop 
Proceedings Planning and Assessment of Load Management (Palo 
Alto, CA Flectric Power Research Institute, 1984), EPRI EA-3464, 
pp 16-1 through 16-3 



management likely will characterize different util- 
ities across the country. 

The management of a relatively small number 
of large individual loads, such as those commonly 
found in the industrial and commercial sector, 
typically will present fewer problems and impose 
lower costs than management of a large number 
of small loads. A r?*e structure which encourages 
load management may be applied readily and ef- 
fectively to large users. The deployment by utili- 
ties of the technologies required to implement 
some of these rates among such users is gener- 
ally inexpensive relative to the potential gains for 
the utility. Moreover, once the economic incen- 
tive is offered, the users themselves (industrial and 
commercial) frequently are capable of deploy- 
ing technologies which are effective in changing 
their demand in accordance with the utility's in- 
centives and their own economic interests. 36 

Where a large number of small users are in- 
volved such as in the residential sector, the 
difficulties are more limiting. In 1983, there were 
over eight times as many residential customers 
in the United States than commercial and indus- 
trial customers. And the average residential cus- 
tomer used less than 9 MWh/year, compared 
with 1,560 MWh/year by the average industrial 
customer and 53 MWh/year by the average com- 
mercial customer. 

Consequently, special rates tend to be less 
readily and profitably applied to the residential 
sector, and the cost-benefit ratio for the utility for 
each load. managed is likely to be larger. In ad- 
dition, the cost and difficulty of installing, main- 
taining and operating the equipment, required 
as an adjunct to such rates may be considered 
excessive by utilities. Compounding the problems 
is the utilities' uncertainty about future residen- 
tial electricity use, and the manner in which it 
would change under alternative load manage- 
ment programs. 



*For an assessment of the possible costs and benefits of load man- 
agement using incentive rates for seven major industries, see: Chem 
Systems, Inc , The Potential for Load Management in Selected ln- 
dus'nes (Palo Alto, CA Electric Power Research Institute, 1981), 
tr,s\ EA-1821-SY 
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At present about 1 5 million points are con- 
trolled, 37 which is only a small fraction of the 
number of residential loads that could be con- 
trolled (probably less than 1 percent). A much 
larger potential exists in every region of the coun- 
try, particularly in the South where residential 
electricity demand is high and there are a large 
number of all-electric homes. A recent survey of 
the stated intentions of utilities indicates that if 
currently planned load control programs are im- 
plemented, at least 5 million new points may be 
controlled by 1990. 38 Another report suggests that 
8 million points will be controlled by 1990 and 
20 million points by 1995. 39 40 

The potential magnitude of the impact of load 
control is difficult to gauge. Evidence from cur- 
rent load management efforts indicates that the 
impact could be quite sizable. If, for example, 
one air-conditioner in each of 5 million homes 
w^re controlled, and if an average peak load re- 
duction of 1 kWe were obtained, a peak load re- 
duction of about 5,000 MWe would result. Note 
that nearly 50 million homes have air-condition- 
ing and that many of these have more than one 
air-conditioner. Also residential air-conditioning 
represents only one of many loads which could 
be controlled. 

Overall, the potential for load management is 
such that it is an important strategic option in the 
U.S. electricity supply outlook in the 1990s. 
Whether utilities fulfill this potential will depend 
on the cost, performance, and rick of load man- 
agement technologies and on the ability of the 
utilities to manage those technologies and de- 
velop innovative rates. 



,7 Synergic Resources Corf) 1983 Survey of Utility End-Use 
Project*, , op tit 1984 
,8 lbid 

'"The Laird Durham Co , The United States Market for Residen- 
tial Load Control Equipment, 1983 1995 (San Francisco, CA Laird 
Durham Co , 1984) 

40 A recent Frost & Sullivan report suggests that 7 million points 
will be controlled by 1992 (Frost & Sullivan, Electric Utility Cus- 
tomer Side Load Management Market (New York Frost & Sullivan, 
1984), as reported in "Load Management Systems Will Control 
Seven Million by 1992," Electric Light & Power, vol 62, No 8, Au- 
gust 1984, p 47) 
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Technologies for Load Management 

Given the magnitude of demand in the residen- 
tial sector, its importance in contributing to the 
fluctuations in demand for electric power, and 
the characteristics of individual residential cus- 
tomers, it is not surprising that the technology- 
related problems of current utility efforts to man- 
age loads center on small users. This will also be 
the emphasis here. Many of the technologies, is- 
sues, and problems in the residential sector, how- 
ever, also are applicable to the other sectors. 

Two principal groups of technologies are re- 
quired in load management; 

1. Advanced meters: Meters measure electri- 
city use; recorders, often integrated into a 
single device with the meter, record this in- 
formation for later use. The data help in de- 
veloping load management strategies, in im- 
plementing them, and in assessing their 
results. They also facilitate the application 
of rates which encourage the deployment 
of customer-owned and operated load man- 
agement technologies. 

2. Load control systems: In order to control 
loads, utilities may need to be capable of 
communicating with the customer. Commu- 
nications systems provide this link, allowing 
the transmission from the utility to the cus- 
tomer, and perhaps vice versa. Required for 
successful load control systems are decision- 
logic technologies which interpret informa- 
tion and automatically generate decisions 
necessary for effective load management. 

Advanced Meters 41 

The predominant residential electric meter and 
recorder used in the United States is the single- 
phase (see chapter 6 for definition of single phase 
and other relevant terms) electromechanical watt- 
hour meter which requires periodic reading by 
an individual on location. A variety of solid-state 
meters, "hybrid meters" 42 and other ancillary 



"Strictly speaking, a meter only measures electrical power or 
energy Here however, the term is used loosely to include devices 
which not only perform the measuring function, but also record 
and perhaps even manipulate the data 

42 A hybrid meter is one which couples the common meter's rotat- 
ing sensmg-element to a solid-state microprocessor 
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equipment (including communications technol- 
ogies) are available and being developed to as- 
sist in meeting the rising information needs of 
load management. Among the equipment being 
developed is hardware which can be retrofitted 
to existing equipment to enhance the capabilities 
of common meters. 

Advanced meters can perform many more 
tasks. For example, they may provide the cus- 
tomer not only with data on current and past use, 
but also information on present costs and other 
matters; that additional information could be 
wholly or partly generated by pre-programmed 
equipment on site or transmitted from a remote 
location. Where time-of-use rates were being ap- 
plied as part of a load management program, the 
information is essential for the consumer. Alter- 
natively, the meter could provide direct and auto- 
matic input to the load control system. For ex- 
ample, a "demand-subscription service" meter 
will automatically trigger a sequence of events 
designed to curtail load when the meter indicates 
that demand has exceeded a specified level. 

Currently available advanced meters, however, 
often are expensive, unreliable, and short-lived, 
relative to conventional meters. Considerable evi- 
dence indicates that the technical problems could 
be resolved relatively easily, but developers ap- 
pear reluctant to do so without assurances that 
a major market exists. Similarly, costs can only 
be reduced sufficiently through mass production 
and deployment. 

Another consideration is that the conventional 
meter is a long-established fixture in U.S. utility 
operations. It performs the task expected of it 
without imposing inordinately large operating 
and maintenance costs. While new meter designs 
could in the long run be superior, they would 
require changes. People would have to be trained. 
Some workers might no longer be needed; 
others, with different skills, would be required. 
New maintenance facilities likely would be 
needed, and operating procedures would ha*'° 
to be modified to accommodate the new tech- 
nology. 43 

4,< How to Get Meter Renders to Use Computers " tlectrndl 
World, vol 108, No 10. O tober 1984, pp 26-28 



While problems remain, no major unresolvable 
technological barriers impede the deployment of 
advanced meters. Rather, the problems appear 
to be related to the development of an early mar- 
ket among utilities and to the need for changes 
in utility practices. The evidence indicates that 
unless concerted efforts are made to eliminate 
these impediments by stimulating demand, the 
deployment of advanced meters will be a slow 
process. Their conventional competitors likely 
will predominate well past the close of this cen- 
tury, though their position will be eroded slowly 
by the newer technologies. 

Load Control Systems 

Load control systems vary in the extent to 
which control is concentrated on either side of 
the meter (customer or utility); in the extent to 
which information from the customer side-of-the- 
meter is used and in the nature of that informa- 
tion; and in the degree of automation on the cus- 
tomer side-of-the-meter. Some require relatively 
active customer participation and a low level of 
auiomation. For example, the utility may simply 
call up the customer and ask that his load be re- 
duced as much a$ possible; the customer could 
respond by turning various appliances off, bas- 
ing his actions on a multitude of considerations. 
Other systems, however, may be more auto- 
mated and are capable of operating with little or 
no customer intervention. 

Load control systems are classified into three 
categories— local, distributed, and direct con- 
trol—according to the degree to which decisions 
are centralized and the extent to which the util- 
ity and customer interact before the load is ma- 
nipulated. In a direct control system, the load is 
controlled by the utility without any immediate 
input in any form from the customer's side of the 
meter (see figure 5-1 2). This in the past has been 
the dominant form of load control. 

In a local control system, the load is controlled 
from the customer's side of the meter, without 
immediate input from the utility (see for exam- 
ple figure 5-13). With local control systems, 
manipulation of the customer's load is based 
solely on immediate input from only the custom- 
er's side of the meter. Utility involvement is re- 
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Figure 5-12.— A Direct-Control Load Management Technology: Domestic Water Heater Cycling Control 

Water heater 




Water heater 
controls 



Domestic water heater cycling involves direct, real time utility control over the operation of residential water heaters Water heating is one of the 
few residenttai loads that »s truly deferrable in that a water heater can be turned off for extended periods of time (up to 6 hours in some cases) 
without affecting the customer s lifestyle By directly cycling water heaters (through a communication system, as opposed to using timers or 
other local controllers), the utihty can vary when and how much control is exercised Water heater cycling is generally exercised only during 
penods of peak demand or high marginal supply costs 

SOURCE Battelle Columbus Division and Synergic Resources Corp Demand Side Management, Volume 3 Technology Alternatives and Market Implementation 
Methods (Palo Alto CA Electric Power Research Institute 1984), EPRI EA/EM 3597 
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Figure 5 13. —A Local-Control Load Management 
Technology: Temperature-Activated Switches 



Time and temperature 
switch 




Outdoor 
temperature 
sensor 



To indoor thermostat 
and tanycoit controls 
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A Temperature activate time sw»tch (T&T) is used to reduce air 
conditioner operation time during utility pea* periods The two mam 
components are un outdoor thermostat and an adjustable 
percentage timer When outdoor temperatures reach a preset limit 
the ^>er r e<3utates air-conditioner run times by a preset percentage 
generally !b or 50 percent {22 5 minutes on and 7 5 minutes ott or 15 
minutes on and 15 minutes o't m every 30-mmute period respec 
tiveiyi Control is terminated when the outdoor temperature drops ~> 
the preset deactivation ter, perature 

SOURCE Ba»'e e Coiurnbus 0«w"S<on ano S^n^fgic Resources Ccu Demand 
r j Management * r ,ume 3 ?ecnnotogt A<terna' t *e$ and Ma'*ef 
.<^t p^e^v or Me'nc-ts iPaiO A:to OA Eiect"c Po*ef Resea'cr in 

strtcted to mdir°ct inputs such as incentive rates 
Local control devices have been encouraged 
where appropriate rates have been instituted. But 
Mid. application has been limited in the residen- 
tial sector, in part because such rates may require 
replacement of conventional meters with more 
advanced meters 

Between the direct and local control systems 
a^e variations collectively termed distributed con- 
trol systems, where key decisions are made on 
both the utility and the customer side-of-the- 
ncter, and where immediate inputs from boV: 
•>rc possible. A distibuted-control system is pic- 
tured in figure 5-14. In EPRI's 1983 survey of 
util. is. it was found that, 86 percent of util- 
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ity-sponsored load control projects— 1.2 million 
points — utilised direct control systems, while 
278,000 ponts were controlled by distributed 
control systems, and 10,000 points fell under 
utility-sponsored local control programs. Many 
more points are locally controlled without the 
utilities' direct sponsorship, but with indirect util- 
ity support, usually through direct incentives and 
rate structures. 44 

The key problem encountered in all control sys- 
tems is the management of loads in a manner 
which is satisfactory to the customer yet which 
provides an acceptable degree of control and pre- 
dictability to he utility. The greater the utilities' 
direct control, the greater the risk of customer 
dissatisfaction. Conversely, systems which give 
the utility less direct control over the load— while 
perhaps alleviating communications and cus- 
tomer problems— ri c k reducing the utility's capac- 
ity to effectively nanage the load. While direct 
control has dominated in the past, utilities are in- 
creasingly moving towards distributed and local 
control 

Discussed below are the two key technologi- 
cal components of load contro "decision-logic" 
technologies and central :ontrollers and commu- 
nications technologies. 

Central Controllers and Communications Tech* 
nologies.— Direct and distributed control systems 
use technologies which fall into three categories: 
central controllers, transmission systems, and a 
receiver/switch at the customer's end of the sys- 
tem 45 If the system communicates in two direc- 
tions, a "transponder/' which both receives and 
transmits, is required on the customer side of the 
meter; and a receiver must be in place on the 
utility's side of the meter to receive the informa- 
tion sent from the customer's transponder. 

The controller generates commands which are 
encoded and dispatched through some transmis- 
sion system, and received by t**e receiver which 
translates the encoded message and accordingly 
manipulates the load. While the hardware com- 
ponent of modern computerized controllers is 



"Synergic Resources Corp 1983 Survey of Utility End-Use 
Projects, op cit 1984 
4S lbid 

1 67, 
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Figure 5-14.— A Distributed Control Load Management Technology: Load Management Thermostats 

A load management thermostat is a microprocessor-based device that allows gradual indoor temperature increases or decreases in response to 
electnc utility needs, thereby maintaining tne natural diversity of loads wh:ie reducing the duty cycles of heating or cooling equipment The 
result is a reduction in customer demand The preset rate and length of temperature ramping can vary, fixe maximum and minimum 
tsmperalure limits are also programmed mto the device to prevent extremely uncomfortable conditions Customers' thermostat setpomt ad- 
justments are overridden during utility control periods Emergency load shedding can also be accomplished using this device 





well developed and readily available commer- 
cially, trip software is not. Recent utility expen- 
ences indicate that souware deficiencies are the 
primary cause of difficulties in the implementa- 
tion of load management programs. Current evi- 
dence suggests that software problems are sur- 
mountable, but that effective software is likely to 
require considerable time to develop and refine, 
and to some extent must be customized for each 
utility. 46 

4 "lbid 



The communications system— which includes 
the transmission system and the receivers— has 
been subject of greatest discussion among util- 
ity operators. A variety of systems are available 
to choose from: 

• Radio: This is currently the predominant 
communication system used for load man- 
agement. 

• Power-line carrier (PLC) systems: These sys- 
tems use the utility's already installed trans- 
mission or distribution networks (or both) to 
carry the signal. 
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• Telephone: Telephone lines can be used in 
several different ways in communicating in- 
formation to and from the utility. 

• Cable TV: Using a cable modulator, the util- 
ity injects its signals into the cable network. 
Receivers are "hard-wired" to the cable at 
the customer's end. 

• Hybrid communications systems: These sys- 
tems incorporate two or more of the above 
systems in one load control system. This al- 
lows incorporation of the best features of 
both systems while avoiding some of their 
pitfalls. 

Each of these communications systems has its 
advantages and disadvantages. They differ in the 
amount of information which can be communi- 
cated over any period of time; the reliability with 
which the communication takes place; the ex- 
tent to which the communication system already 
exists; the cost and technical risk associated with 
the system; and the ease with which the utility 
can deploy and utilize the system in conjunction 
with a load management program. It is impor- 
tant to note that the hardware itself is in many 
instances fully mature, and involves little tech- 
nical risk. In some cases, however, technical im- 
provements remain to be made and costs may 
still be reduced. 

The current debate over communications sys- 
tems centers around which best serves the needs 
of the utility. These needs extend beyond the use 
of the communications network for load control, 
and touch on theii application to remote meter- 
reading, distribution system automation, 47 and 
other uses. The needs also extend beyond the 
near term in that the unities seek systems which 
are flexible enough to perform a variety of future 
task:. 

For example, one choice the utilities hav'e is 
between or e- and two-way communications sys- 
tems. One-way systems are sufficient for load 
control, but two-way systems allow utilities to 
monitor more closely the results of load control 
by transmitting information from the customer to 



"Distribution automation is the remote control of the distribu- 
tion system which transmits ele< trie ity to customers from local sub- 
stations, su(h tontrol could offer significant improvements in overall 
power system operation 



the utility. Furthermore, the two-way system may 
be exploited to obtain billing information which 
now requires a visit by the meter reader. And a 
two-way system may be used in automating the 
distribution system. 

Complicating the utilities' evaluation of com- 
munications options is the fact that two basic op- 
tions are available with respect to control and 
use. The utility may invest in a system which it 
alone controls and uses. Or the utility may in- 
vest in an information transmission system the 
control and use of which it shares with other 
users. Where others are involved, the costs of the 
system can be shared, but this arrangement also 
carries with it the possibility of technical prob- 
lems in coordination as well as opportunities for 
conflict between the parties. 

Hence, where shared communications systems 
are considered by utility investors, the cost ad- 
vantages of such systems are weighed against the 
practical difficulties of cooperating with other 
people and organizations. The ultimate choice 
of the technology in such cases may depend as 
much on the ability of the utility to successfully 
overcome these difficulties as it does on the cost 
of the investment to the utility. 48 49 50 

Decision-Logic Technologies.— Distributed and 
local load control systems are distinguished from 
the direct control strategies in that information 
generated on the customer side of the meter 
promptly influences the manner in which the cus- 
tomer's load is managed. The locally provided 
information can be comp!3mented by instruc- 
tions transmitted either from the utility side of the 
meter through a rapid "real-time" communica- 
tion system or from a pre-programmed utility- 
controlled device on the customer's premises. 

The interpretation of locally derived informa- 
tion, the generation of the appropriate decisions, 
and the manipulation of the load can all be auto- 



4fl Synergic Resources Corp , 1983 Survey of Utility End-Use 
Projects, op cit , 1984. 

49 David P Towey and Norman M. Sine], "An Electric Utility Ex- 
plores the Use of Modern Communications Technologies," Pub- 
ic Utilities Fortnightly, vol 113, No. 9, April 1984. pp 23-33 

50 Alan S Miller and Irving Mintzer, Draft Report Evolving Load 
Management Technologies Some Implications for Utility Planning 
and Operations (Washington, DC World Resources Institute, 1984). 
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mated in order to minimize or eliminate the need 
for active and routine human involvement on the 
customer's premises. This is done with "local 
decision-logic" devices which provide a degree 
of "local intelligence." A variety of devices may 
serve this purpose. These vary in their cost, per- 
formance, and uncertainty. Some presently are 
available commercially at acceptable levels of 
cost and performance. Others must be techni- 
cally improved, or their costs must be brought 
down before they will be deployed at significant 
levels. Generally, the major technical problem 
is in programming the devices so that they man- 
age loads in ways that are acceptable to the cus- 
tomer while serving the utility's load management 
needs. 

Ancillary Technologies Owned or 
Controlled t_ the Customer 

In addition to the load management technol- 
ogies discussed above, there are technologies 
which can be installed and operated by the cus- 
tomer to mitigate the potentially adverse effects 
of load control (direct, distributed, or local) on 
the customer. Among the technologies are two 
major possibilities: 

1 . Electric and thermal energy storage- A wide 
range of electric as well as thermal energy 
storage schemes exist for mitigating the ef- 
fects of periodic curtailments in electricitx 
supply. For example, a battery could be in- 
stalled on the customer's side of the meter; 
the battery would be charged when power 
is more readily available and the customer 
could draw on it instead of from the grid dur- 
ing peak periods. If a load management pro- 
gram applied to an electric water heater 
threatens to leave the customer without suffi- 
cient hot water, a larger thermal storage de- 
vice could be used. This device would be 
heated with electricity during off-peak peri- 
ods. Of particular importance is "cool stor- 
age" for commercial establishments which 
uses electricity during off-peak periods to 
cool a medium such as water which then 
cools the building during peak periods. 51 



'•'See 1 ) RCf , Int , Commerc tal Cool Storage Primer (Palo Alto, 
CA Electric Power Research Institute, 1984), EPR I EM- 3 371 2) San 



2. Energy conservation: Of course, energy 
conservation can also be employed as part 
of a mitigation program. For example, if cur- 
tailing the operation of an electric heater 
might result in lower house temperatures, 
insulation could be used to lower heat losses 
and keep household temperatures at a com- 
fortable level, 52 

Some of these technologies are inexpensive, 
reliable, and present little risk. Others, such as 
large batteries systems, are less mature commer- 
cially and must overcome a variety of impedi- 
ments before they could be deployed extensively 
(see chapters 4 and 9). Note, too, that the de- 
ployment of these technologies in many cases de- 
pends heavilv on the rate structure or other in- 
centives provided by the utilities. 

Major Impediments to 
Load Management 

Several difficulties must be overcome if load 
management is to be extensively implemented 
in the 1 990s. It is necessary for utilities to devc p 
a detailed understanding of the manner in which 
their customers now use electricity and are likely 
to use electricity in the future. To this must be 
coupled information regarding the utility's future 
supply of electric power. It also is important for 
utilities to identify and understand the many com- 
binations of load management strategies which 
can be pursued. Each option must be weighed 
and compared not only to other load manage- 
ment options but also to other alternatives such 
as conventional generating technologies. 

These difficulties are aggravated by the frequent 
lack of adequate analytical tools with which to 
evaluate loi d management. The planning and im- 
plementation of a load management program re- 
quires information and skills that differ from those 
needed for building powerplants and other more 



Diego Gas & Electric, Thermal Energy Storage. Inducement Pro- 
gram for Commercial Space Cooling (San Diego, CA: San Diego 
Gas & Electric, 1983) 3) Electric Power Research Institute, Oppor- 
tunities in Thermal Storage R&D (Palo Alto, CA. Electric Power Re- 
search Institute, 1983), EPRl EM-3159 

"Jerome P Harper and R E Sieber (TVA), "Effects of Electric Utility 
Residential Conservation Programs on Hourly Load Profiles," Pro- 
ceedings of the American Power Conference, vol 45, 1983, pp. 
547-551 
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traditional utility planning activities. 53 Moreover, 
as will be discussed in chapter 8, systematic ana- 
lytical tools for comparing load management 
strategies with other strategic options are not 
widespread. 

Even if economic benefits of load management 
are calculated to exceed direct costs, utility oper- 
ators may prefer not to pursue load management. 
They may encounter difficulties in reaching agree- 
ments to jointly use communications networks 
with nonutilities. Access may be limited or pro- 
hibitively expensive; legal impediments may be 
encountered. 54 Or customers themselves may be 

s3 Energy Management Associates, Inc , Issues in Implementing 
a Load Management Program for Direct Load Control (Palo Alto, 
CA Electric Power Research Institute, 1983), EPRI EA-2904 

Si| "Justice Department States Cautious on Utility Telecommuni- 
cations Ventures," Electric Utility Week, June 18, 1984, p 7 



reluctant to allow utilities to control their loads. 
While this has not been a widespread problem 
so far— given incentives customers to date have 
been very receptive 55 56 — it is a significant un- 
known that could potentially impede the deploy- 
ment of direct and distributed load control tech- 
nologies. 57 



"Angel Economic Reports and Heberlein-Baumgartner Research 
Services, Customer Attitudes and Response to Load Management 
(Palo Alto, CA Electric Power Research Institute, 1984), RDS 95 

S6 Thomas A Heberlein & Associates, Customer Acceptance of 
Direct Load Controls Residential Water Heating and Air Condi- 
tioning, op cit , 1981 

57 Alan S Miller and Irving Mintzer, Draft Report Evolving Load 
Management Technologies Some Implications tor Utility Planning 
and Operations, op cit , 1984 
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Chapter 6 

The Impact of Dispersed Generation 
Technologies on Utility System 
Operations and Planning 



INTRODUCTION 



As the penetration of dispersed generating 
sources increases in U.S. electric power systems, 
the implications for system planning, operation, 
performance, and reliability are receiving in- 
creased attention by the industry. 1 The interest 
in dispersed generating technologies has been 
stimulated by new Federal laws that have in- 
creased the economic attractiveness of such sys- 
tems. As discussed in chapter 3, the Public Util- 
ity Regulatory Policies Act of 1978 (PURPA) 
opened the way for customer-owned generation 
mandating interconnection with existing electric 
systems 

The characteristics of many alternative gener- 
ating technologies pose both potential benefits 
and problems for electric system planning and 
operation The benefits of dispersed generation 
generally stem from the potential of substituting 

'for example, in 1%4 the Electric Power Research Institute initi- 
ated tvvo major studies entitled, respectively, "Integration ot Dis- 
persed Storage and Generation Into Power System Control Dur- 
ing Normal System Operations" and 'Integration ot Load 
Management Into Power ^>stem Control During Normal System 
Operations 



plentiful, environmentally acceptable and renew- 
able sources of energy for conventional fuels. 
Due to the modularity of many of these alterna- 
tive technologies, deployment or an incremental 
basis is possible, offering the potential for a more 
economic expansion of the generatior "upply. 
(Othei benefits are discussed in chapter 3.) 

The nonconventional aspects of dispersed 
sources of generation concern electric utilities 
largely because of the industry's lack of knowl- 
edge regarding performance of these systems. 
There is concern, for example, about the lack of 
utility control over generating resources. In ad- 
dition, where alternative generation supplies are 
weather dependent, production is intermittent. 
Similarly, many cogeneration supplies are highly 
dependent on the process to which they are 
linked. Finally, increasing production at the dis- 
tribution level poses new questions regarding 
reliability because the delivery system is less relia- 
ble at the distribution level than at the transmis- 
sion or bulk level, i.e. a kilowatt of production 
at the distribution level is less reliable than one 
generated at the bulk level. 



INTERCONNECTION OF DISPERSED GENERATING SOURCES 



Overview 

The concept of a dispersed source of genera- 
tion (DSG) has a variety of meanings, often re- 
sulting in some confusion. In this document, a 
DSC is any generating device (irrespective of size) 
that introduces power into an electric delivery 
system, but not at the bulk power level or at the 
traditional point where a particular utility's con- 
ventional generation injects power. By and large, 



this means electric power production linked to 
the distribution system of the utility, such as most 
nonutility power producers that are qualifying fa- 
cilities (QFs) under PURPA. 

While present day electric systems have been 
structured (in capacity, protection, and configura- 
tion) to allow safe and reliable operation with- 
out the presence of a DSG device, most research- 
ers agree that with proper modification of the 
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electric network configuration and operation 
practice, a DSG device can be compatible with 
the electric system. 

Current Industry Issues 

Traditionally, utilities and the agencies that reg- 
ulate (hem have primarily been concerned with 
power flows in electric systems in one direction: 2 
either from utility-owned central station power- 
plants to customers through the transmission and 
distribution network, or from one utility to 
another. More recently, however, the incentives 
offered under PURPA and other Federal and State 
laws have promoted addition to the electric grid 
of DSGs which are often nondispatchable and 
predominantly nonutility-owned. Management of 
these "two-way" power flows has introduced a 
new element of complexity into the operation of 
electric utilities. As a result, utilities and DSG cus- 

2 Utilities have always had some form of dispersed generators on 
their systems For example, descending elevators can act as gener- 
ators and feed power back into the grid {Self Reliance, Inc , A Guide 
to Interconnection Requirements in New York State, prepared for 
New York State Energy Research and Development Authority 
(NYSERDA) (Albany, NY NYSERDA, May 1985), Report No 85-2 
However, the amount of power generated bv these dispersed 
sources has traditionally been a very small proportion of the power 
generated by the centralized sources 



tomers have begun to focus some attention on 
the nature, quality, and cost of the interconnec- 
tion equipment, and regulators have begun to ex- 
amine their role in managing the integration of 
DSGs into the utility grid. 

The issues associated with interconnection 
have their roots in the way power is generated 
and transmitted through the utility grid. A typi- 
cal grid (shown in figure 6-1) is composed of sev- 
eral large central generating plants, connected 
to bulk power transmission lines. These lines typi- 
cally are maintained at the highest voltages in the 
grid. Power is then transported through a network 
of transformers and lower voltage lines until it 
reaches the customer. Depending on the type of 
end use, an industrial customer with large proc- 
ess needs may connect directly to primary dis- 
tribution circuits, while most residential custom- 
ers connect to secondary distribution circuits at 
lower voltages. 

In addition to power lines and transformers, the 
grid also includes protection equipment such as 
circuit breakers, relays, and switches as well as 
cor -ol equipment such as voltage regulators, 
capacitors, and tap-changing transformers. In 
powerplants, control of turbine, frequency, and 
excitation systems is performed. While, a central 



Figure 6-1.— Layout of an Electric Power System 
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control center manages, dispatches, and directs 
the overall operation of the electric grid. Power 
requirements of the system vary, depending on 
the time of day and season because the demand 
for power is changing over time. The protection 
equipment is used to prevent damage to the grid 
and its customers from abnormal circumstances 
or faults and to maintain a highly reliable and de- 
pendable supply of electricity. The control equip- 
ment provides a high quality of electric power 
and determines the system's performance stand- 
ards under normal operation. 

Utility custome rs expect electric power to meet 
quality and performance stands ds so that appli- 
ances, lights, and motors will operate efficiently 
and not be damaged under normal conditions. 
While there is no general agreement among util- 
ities as to the definition of "acceptable" power 
quality, typically a utility supplies ac power at 
120/240 volts (sing' --phase 3 ) for residential and 
240/480 volts or higher (three-phase) for indus- 
trial customers (with the voltage ranging between 
95 to 106 percent). The frequency of the deliv- 
ered power is 60 Hz (±0.002 Hz). 

The types of generating devices used in a DSC 
can significantly influence its impact on the elec- 
tric system. The generating equipment can be of 
many varieties; table 6-1 categorizes different 
generating types. Rotating machines (most tradi- 
tional generating equipment) produce ac voltage 



'See box 6A tor definitions of interconnection terms 



Table 6-1.— Classification of Dispersed 
Generating Types 



Line independent: 

• Synchronous generator 

• Forced-commutated converter 

• Double output Induction with a forced-commutated 
converter 

• DC source with a forced-commutated converter 

• Permanent magnet machine 

• r.w I demodulated generators 

Line dependent: 

• Induction generator 

• Line-commutated inverter 

• Double output induction with a hne-commutated 
converter 

• DC source with a line-commutated converter 

• AC commutator generator 

SOURCE Office ot Technology Assessment 



as either synchronous or induction generators 
(see box 6A for definitions), while inverters, 
through the use of power conditioning equip- 
ment, change the current from DC sources (such 
as a photovoltaic array) into AC current. Inverters 
may be either line-commutated or self-commu- 
tated, i.e., either dependent on the utility's volt- 
age and frequency power signal or independent 
of the utility line. 

Both induction generators and line-commu- 
tated inverters consume reactive power (see box 
6A for the definition of reactive power) in nor- 
mal operation and, therefore, one fssue for these 
types of nonutility-owned DSGs is how to com- 
pensate for or charge costs of the reactive power 
consumed. Usually, synchronous generators and 
self-commutated inverters do not consume any 
reactive power, i.e., they produce their own, and 
can operate independently of the utility. 

The power conditioning equipment used by in- 
verters produces harmonic frequencies of 60 Hz 
in the voltage and current signals in the grid. 
These ha r monics, which appear at frequencies 
that are multiples of 60 Hz, combine to form a 
complex waveform. The resulting levels of so- 
called total harmonic distortion (THD) can lead 
to deterioration in customer appliances and mo- 
tors. The presence of harmonics can shorten the 
life of electrical devices by 5 to 32 percent 
through thermal aging. 4 

Since harmonic voltages affect loads, it is im- 
portant to understand how they are generated 
at various parts of the electrical network. Many 
systems inject current harmonics into the net- 
work; these current harmonics are conducted in 
the various lines and transformers and into the 
loads, inducing harmonic voltages within the 
electric system. The location and amplitude c' 
these induced harmonic voltages are largely de- 
termined by the electrical parameters of the net- 
work. The point of injection and the amplitude 
of current harmonics, however, are not likely to 
determine the potential impacts; rather problems 
and their location are determined by network 
characteristics where harmonic voltages are in- 



4 E Fuchs, Un»v< jity of Colorado, Impact of Harmonics on Home 
Appliances, draft contractor report to the U S Department of 
Energy, June 1982, DOE-RA-501 50-9 
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duced As a consequence, harmonic voltage prob- 
lems typically will result in a location remote from 
the point of injection.'* 

While there seems to be no general agreement 
concerning the precise acceptable level of dis- 
tortion, typically utilities limit THD at the point 
of injection to less than 5 percent of the current 
signal with any single harmonic less than 3 per- 
cent, and 2 percent of the voltage signal with any 
single harmonic less than 1 percent. Filtering out 
this distortion may be expensive for smaller sized 

v '('omput«»r Simulation Study,'' ORNI/SUB/81-9S01 1/1 Oak 
RiHm* National laboratory Oak RioV TK - August |<M} 



DSCs. Therefore, another issue that has surfaced 
is whether or not all interconnected harmonic 
sources should be required to meet specified 
THD standards, or whether these standards 
should vary according to DSG size and type. 

In addition to power quality issues, utilities 
are concerned with the proper measurement of 
net power generated by DSC customers. Should 
all DSG customers be required, and therefore 
charged, for extra metering equipment? Utilities 
are also concerned with the liability of DSG cus- 
tomers for utility employee accidents or equip- 
ment damage that may result from improper in- 
terconnection. 
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As larger proportions of DSCs are installed 
across the country, another concern is the effect 
of DSG operation on system dispatching, control, 
short-term transmission and distribution (T&D) 
operations, and long-term, central-stat on capac- 
ity planning. 6 As more utilities gam experience 
with interconnecting customers, guidelines for in- 
terconnection are evolving. Efforts are underway 
to standardize these guidelines (discussed later). 

In general, most researchers agree that the 
technical aspects of interconnection and mtegra- 

h H Chestnut, et al , ' Monitoring and Control Requirements tor 
Dispersed Storage and Generation/7nsf/fi/fe ot Electrical and Elec- 
tronic s Engineers (IF.EE) Transactions on Power Apparatus and Sys- 
tems, vol PAS-101, July 1982, pp 2355-2363, in 1984 the Electric 
Power Research Institute initiated a major field study on the im- 
pact ot DSCs on power system operation, see "Integration ot Dis- 
persed Storage and Generation Into Power System Control Dur- 
ing Normal Svstem Operations " fcPRj RFP 2336-1 



tion with the grid seem to be relatively well un- 
derstood; they are discussed in an earlier OTA 
report. 7 The primary unresolved issue is deter- 
mining appropriate cost-effective interconnection 
requirements, i.e., how to balance the utilities' 
technical risks with interconnection against the 
nonutility power producers' d jre to keep front- 
end costs of interconnection'down. The reso- 
lution of this issue will depend on the costs of 
interconnection equipment, the requirements 
associated with the utilities legal obligation to 
interconnect, and the availability of new hard- 
ware and operating practices for DSCs to lower 
interconnection costs. 



7 U S Congress, Office of Technology Assessment, Industrial and 
Commercial Cogeneration (Washington, DC U S Government 
Printing Office February 1983), OTA E-192 



INTERCONNECTION PERFORMANCE 



Overview 

Interconnection equipment generally consists 
of four major functional subsystems: 1 ) a protec- 
tion and control subsystem for monitoring DSC 
power quality and disconnecting the DSC from 
the grid in case of abnormal conditions on the 
grid or in the generator itself; 2) a power condi- 
tioning subsystem PCS) for converting DC to AC 
if necessary); 3) a metering subsystem for meas- 
uring: a) power flowing from and to the customer, 
and b) perhaps time of day; and 4) other hard- 
ware associated with various types of electrical 
converters chosen for the DSC. Synchronization 
equipment is required with many rotary converters; 
capacitors, power factor correction, transformers, 
and other equipment can also be required. Each 
DSC technology mav require a somewhat differ- 
ent configuration of subsystems, with the precise 
configuration depending on current utility guide- 
lines, existing distribution equipment, the type 
of DSG customer, and other factors. 

For example, induction machines and line- 
commutated inverters may continue to operate 
after being disconnected from the utility grid, pre- 
senting a potential safety problem. Even though 
these types of equipment require some kind of 



external power supply to provide reactive cur- 
rent, there may be sufficient reactive power avail- 
able in that part of the distribution grid near the 
point of interconnection. This could occur when 
a utility installs extra capacitors to compensate 
for the reactive power drain of the DSC. This type 
of equipment may need extra protective devices 
to prevent problems associated with unscheduled 
operation. 

Another example is conventional cogeneration 
equipment. While not requiring extensive invest- 
ment in power conditioning equipment (these 
systems typically produce ac power), a conven- 
tional cogeneration system requires additional 
hardware such as: 1) a synchronizer to match its 
frequency and phase with that of the grid and 
2) a transformer for isolation and voltage match. 
Most inverters have synchronization logic in- 
cluded in the PCS. 

Protection and Control Subsystems 

Perhaps the most heated debate concerning 
utility interconnection equipment has centered 
around the use of protective devices for each 
DSC configuration. Typically, these devices are: 
1) relays designed to detect over- and under- 
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current, over- and under-voltage, and over- and 
under-frequency of the power produced from the 
DSG; and 2) filters to eliminate excessive har- 
monics and electromagnetic interference. A ma- 
jor issue is the setting of these relays to provide 
an appropriate level of protection, yet avoid "nui- 
sance tripping" of the DSG off-line whenever sys- 
tem power quality conditions vary over the nor- 
mal course of the day. Of related concern are the 
cost implications of the tolerance range— the 
costs for more sensitive protection equipment are 
higher. These issues are discussed later. 

Protection philosophy covers both the normal 
and abnormal operating conditions of the elec- 



tric system. The problem of protecting the elec- 
tric system involves protection of the distribution 
system, loads, and other customers as well as pro- 
tection of the DSG. 8 The most concern arises dur- 
ing abnormal operation when potential damage 
to the electric system, its customers, and the DSG 
couid occur. The overall protection philosophy 
and problem* are presented in figure 6-2. 



8 D T Rizy, Personnel Safety Requirements for Electric Distribu- 
tion Systems With Dispersed Storage and Generation (Oak Ridge, 
TN Oak Ridge National Laboratory, November 1982), ORNL7 
TM-8455 
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DISTRIBUTION SYSTEM AND DSG DEVICE PROTECTION 

PROBLEM AREAS 



Potential safety problems for electric utility per- 
sonnel are also of concern to the electric utility 
industry. Attention is focused on the adequacy 
of present maintenance practices and hardware 
to ensure a safe working environment. Work pro- 
cedures 9 have been developed for both ener- 
gized (live ime) and de-energized (dead line) 
maintenance practices. 

For de-energized line work, there are six basic 
safety steps: notification, certification, switching, 
tagging, testing, and grounding. When work is 
performed on energized systems, insulating de- 
vices such as rubber gloves and mats, insulating 
stools and platforms, and/or insulated tools sutli 
as hotsticks are used by utility personnel. Guide- 
lines of the Occupational Safety and Health Ad- 
ministration (OSHA) require that utility personnel 
may not approach or take a conductive object 
without suitable insulation. The addition of a DSC 
device has the potential of converting a dead line 
to a live line without knowledge of the mainte- 
nance person. The easiest way to prevent this sit- 
uation is to either place a manual disconnect at 
the DSC or use live line maintenance practices 
where DSCs are present. 

Power Conditioning 

For wind and photovoltaic generators, the PCS 
is perhaps the most crucial link in the intercon- 
nection apparatus. Early PCS and many low cost 
systems consisted of inverters which often 
produced many harmonics and operated at low 
conversion efficiencies. However recently there 
have been a number of important advances in 
development of PCS technologies. These new 
technologies use a method called high-freque^'y 
modulation (HFM) to chop the dc output into the 
sine wave pattern of ac power, using solid-state 
switching devices. 10 Such equipment generally 



H 0 T Rizy, et al , Operational and Design Considerations for .lee 
tm Distribution Systems With Dispersed Storage and Genent ton 
(DSC) (Oak Ridge, TN Oak Ridge National Laboratory, S< Mem- 
ber 1984), ORNL/CON-H4 

,0 J Stevens and and T Key, Draft Report The Utility In'erface- 
Can State-oft he-Art Power Conditioners Alleviate Our Concerns 
(Albuquerque, NM Sandia National Laboratories, 1984) 



produces fewer harmonics; has higher efficien- 
cies and power factors; increased fault and reclos- 
mg detection; and improved voltage regulation 
compared to earlier Nne-commutated designs. 11 

Working with utilities, private PCS manufac- 
turers and government researchers at Sandia 
Laboratory have developed and improved upon 
residential-sized (<20 kW) "advanced-design" 
PCS. A prototype Sandia-designed HFM-PCS per- 
formed well in utility simulator tests. 12 Further re- 
search is underway at several utilities, such as at 
Georgia °ower (see box 6B). Most engineers 
agree that the HFM-PC has superior performance 
compared to earlier line-commutated inverters 
in terms of power quality. For example, current 
HFM devices in production (for 2 to 4 kW gener- 
ators) produce harmonics similar to those of hair 
blowdryers, and have power factors between 
0.97 and 1.00. The new equipment has fast and 
reliable reclosing and fault detection capabilities, 
accomplished through electronic sensing and 
control. In the case where a fault (e.g., precipi- 
tated by a thunderstorm) disconnects the PCS 
from a utility, logic and control circuits turn off 
the PCS, thus preventing any danger to the util- 
ity and any reconnection of the DSC if the uiii- 
ity quickly returns on-line. 13 



''Critics, however, argue that the new technology isn't neces- 
sary For example, simulation models at the University of Texas using 
the Gemini inverter, a line-commutated device, show that a high 
penetration of photovoltaic arrays on two different types of distri- 
bution feeders does not significantly influence power quality With 
20 percent penetration of a particular feeder, there is less than 1 
percent of total harmonic distortion of voltage, the power factor 
remains between 0 7 and 1 0 The models indicate that there is 
no problem with DC injection into the AC circuits since the amount 
ot time required for DC to be injected (after the failure of the Gemini 
inverter) into the grid is much greater than the amount of time 
needed to detect the DC injected and isolate the fault Voltage drops 
experienced were less than 0 3 percent with 30 percent PV penetra- 
tion, see ) Fitzer, et al , University of Texas at Arlington, Impact 
of Residential Utility Interactive Photovoltaic Power Systems on the 
Utilit/, contractor report to Sandia National Laboratories, Albuquer- 
que, sJM, March 1984 

12 St<?vens and Key, op cit , 1984, and W I Bower, et al , "Photo- 
voudic Power-Conditioning Performance Evaluation Lessons 
Learned," paper presented at IEEE Photovoltaic Specialists Con- 
ference, May 1984 

n T S Key, "Evaluation of Grid-Connected Inverter Power Sys- 
tems The Utility Interface," IEEE Transactions on Industrial Applh 
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ca'c \ july/August 1984' and R 5 Das, et al , "fility-lnteractive 
Photovoltaic Power Conditioners Effects of Transformerless Design 
and DC Injection/' paper presented at Intersociety Energy Con- 
version Engineering Conference, No 849413, August 1984 



This increased PC performance, however, comes 
at a premium price. If HFM devices were required 
by utilises the increase in price would burden the 
smallest generating customer. (See figure 6-3 in next 
section for cost comparisons of different sized inte r - 
connection equipment.) One suggested alternative 
is to institute varying requirements for different sizes 
and types of generators. Utilities have begun to use 
this idea in iheir own guidelines for interconnec- 
tion (as discussed in the next action) by having 
different sections of the guidelines apply toward a 
particular size of generator. 

Some utilities aie still concerned about the so- 
called "pollution" of their power systems, while 
others consider this concern as overly restrictive. 
Some researchers believe that if non-DSC custom- 
ers cannot distinguish differences in power qual- 
ity, the utility should not penalize DSC customers 
with overly stringent and costly requirements. 14 This 
would shift the issue of "how high a power quality 
is appropriate" to the question "what are custom- 
ers willing to pay to receive higher power quality?" 
These issues are being debated in the technical 
community. 

Metering 

The third and idSt component interconnec- 
tion is the metering ecnipment used to measure 
power consumed by the customer. In general, 
the three types of meters available today arp the 
single watt-hour, double watt-hci 'with rachets, 
and advanced meters. 15 The single watt-hour me- 
ter is in comr ion use in most homes and costs 
about $i0 (1I 1 ? ;$). If a DSC i producing power, 
the meter simp'y runs backward. This configu- 
ration ' *!y measures net power use and assumes 
that there is no difference between the u\ *'ty's 
retail rates and its rate for purchasing power from 
DSGs. If these rates are different, which i:> usu- 
ally tht case, then two meters are routinely used, 
one of which runs in the reverse direction to 
measure power produced; both meters have 
rachets that prevent any reverse rotation. Another 
configuration uses more advanced meters to 



,4 Martin Schlect, General Jectric Co , personal communication, 
July 1984 

"Discussed in more detail in OTA, Industrial and Commercial 
CoReneration, op cit , 1983 
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measure such quantities as power factor, energy, 
and time of usv.. 

One metering issue is the increment.:! expense 
of additional metering for DSC customers: should 
the DSG customer be required to purchase me- 
ters that a non-DSC customer is not required to 
have? For example, Wisconsin Power & Light 
does not lequire those customers who did not 
previously use time-of-day meters to install them 
when interconnecting their DSGs. 16 Another 

,b Wisc onsin Power & Light Co Various Guidelines tor Parallel 
Generation," Madison Wl, September 1983, and B Bauma.. «ind 
D Fimreite ' Parallel Generation in Southern Wisconsin, "paper 
presented at the Summer Meeting of the American Soc lety of Agri- 
cultural Engineers No 80-3041, June 1980 



metering issue centers around when and how 
DSGs should be charged for consuming reactive 
power. 

Summary 

The current evidence suggests that the techni- 
cal issues of interconnection can be resolved and 
that state-of-t he-art power conditioners can allevi- 
ate many utility concerns about the quality of in- 
terconnection subsystems. Advances in automa- 
tion in electric systems will tend to mitigate many 
problems associated with DSGs. 17 

!7 D T Rizy, et a! , Operational and Design Considerations for Elec- 
tro Distribution Systems with Dispersed Storage and Generation 
(DSG), 1984 



INTERCONNECTION COSTS 



Recent research demonstrates & costs for 
interconnection per !:ilov/att decri rapidly as 
generator size increases. Moreover, costs have 
come down dramatically 18 for the smaller gener- 
ators in recent years and aie now within $600/kW 
for the 5 kW (residential) size and $200/kW for 
50 kW size. 19 (In 1983, OTA reported costs of 
i n te rco n nec i io n eq u i pm ent va ry bet wee n $ 1 2/k W 
for la ger generators to $1,300/kW for smaller 
generators. 20 ) 

Figure 6-3 shows the range of costs for both in- 
duction and synchronous DSGs, based on typi- 
cal configurations for seven generator sizes and 



,ft For example, janice Hamrin (Executive Director, Independent 
Power Producers Association) indicates that Pacific Gas & Electric 
opened its bidding process tor interconnection equipment in mid- 
1 984 and this has tended to drive down the costs of interconnec- 
tion (OTA Electric Utility Advisory Panel, August 1984) 

"H Geller, Self-Reliance, Inc /'The Interconnection of Cogener- 
ators and Small Power Producers to a Utility System," contractor 
report to the District of Columbia Office of the People's Counsel, 
Washington, DC, February 1982, T S Key, "Power Conditioning 
for Grid-Connected PV Systems Less Than 2M) kW," paper pre- 
sented at Intersociety Energy Conversion Engineering Conference, 
No 849407, August 1984, P Wood, "Centi 1 Station Advanced 
Power Conditioning Technology, Utility Interface, and Perform 
ance, "paper presented at Intersociety Energy Conversion Engineer- 
ing Conference No 849411, A i'^ust 1984, D Curtice and) B Pat- 
ton, Systems Control Inc , Interconnecting DC Energy Systems 
Responses to Technical Issues, contractor report (Palo Alto, CA 
fleets Power Research Institute, June 1983), EPRI AP/EM-3124 

'°OT A, Industrial and Commertia, */ generation, op cit , 1983 



Figure 6-3.— Costs for Inteiconnectlon of 
Qualifying Facilities 
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two levels of protection, using manufacturers in- 
formation and price catalogs currently available. 
For the higher level of protection, additional in- 
terconnection equipment is used, such as dedi- 
cated transformers, more expensive "utility 
grade" (see box 6A) relays, and more protection 
devices. 

Interconnection costs include engineering fc 
!x>r and the equipment cost of switchgear, powe 
transformers, instrument transformers. For instal- 
lations under 50 kW, these costs can be pro- 
hibitive when using utility-grade equipment and 
providing the typical level of protection fcr gen- 
erating equipment. (Many of the details inter- 
connecting DSGs have been tabula d else- 
where. 21 ) These costs are still much higher than 
the Department of Energy's (DOE) suggested 
price of $200 to $300/kW for "economical" 
interconnection equipment for residential gener- 
ators. 22 While future technological advances such 
as microprocessor controls, less costly nonmetal- 
lic construction, and i. tegration of different com- 
ponents could bring prices down, "the major cost 

2l D T Rizy. Protection and Safety Requirements for Electric Dis- 
tribution System* With Dispersed Storage and Generation (DSC) 
(Oak Ridge. TN. Oak Ridge National Laboratory, August 1984), 
ORNL/CON-14) 

-"Stevens and Key, op cit , 1984 



decrease is expected to come from volume pro- 
duction" of interconnection equipment. 23 

For systems using inverters, perhaps the most 
costly component for interconnection is the 
power conditioning subsystem (PCS). In 1981, 
Sandia Laboratories asked four potential PCS 
manufacturers to estimate their selling price for 
these units, assuming they would be sold in quan- 
tity lots of 1,000. The prices ranged from $109 
to $254/kW for 100 kW-sized units. Since receiv- 
ing these estimates, Sandia reports that the cost 
of solid-state power devices has fallen dramati- 
cally and predicts that prices will drop substan- 
tially in the future. 24 

Interconnection costs have continued to de- 
cline during the past 5 years, however, the cost 
of interconnection for smaller units remains a 
high proportion of the cost of the generation 
equipment ($600/kW). Vhe cost for interconnec- 
tion for larger units is about 5 to 10 percent of 
the capital cost of these units. 



i S Key, "Power Conditioning for Grid-Co ^nected PV Systems 
Less Than 250 kW,"op cil , 1934 

J4 D Chu and T S Key, "Assessment of Power Conditioning for 
Photovoltaic Central Power Stations/ paper presenter 1 at IEEE Photo- 
voltaic Specialist Conference, May 1984 



UTILITY INTERCONNECTION STANDARDS 



In the first years bince the enactment of PURPA, 
few utilities had any published guidelines deal- 
ing with interconnection requirements. In 1983, 
OTA reported that most interconnection config- 
urations were custom-fitted and no general pat- 
terns for utility standards had emerged. 25 Since 
1983, the number of applications from dispersed 
generating customers to interconnect to utilities 
has increased. As a result, more utilities have 
standardized their interconnection requirements 
in the form of published guidelines. The guide- 
lines, approved by the Public Service Commis- 
sion, usually require data and drawings on the 
iyp° ui generator and PC equipment as well as 
anticipated customer loads. 



J K)T A Industrial and Commercial Cogeneration, op cit , 1983 



It is important that such requirements be sensi- 
tive to the needs of both the utility and DSG cus- 
tomers. The customer should know exactly what 
equipment is necessary so that costs can be pre- 
dicted with some certainty, and the utility should 
bt able to reduce design review approval time 
and costs so that its power quality and operations 
can be maintained. Knowing probable intercon- 
nection c..3ts ahead of time may be as important 
as the actual cost itself. 26 

Interconnection guidelines should also stimu- 
late the exchange of information between the 
utility and the DSC customer. Ideally, the DSG 

' 6 F V Strnisa, et a! , New York State Energy Research and De- 
velopment Administration, "Interconnection Requirements in Npw 
York State/ 'paper presented at Tenth Energy Technology Confer- 
ence, Washington, DC, 1983. 
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customer should have access to necessary infor- 
mation regarding technical characteristics of the 
utility system's power circuits, such as relay tol- 
erance settings, the short circuit capacity at the 
point of interconnection, and the speed and oper- 
ation of reclosers after detecting faults. 

Utilities currently use two different philosophies 
in preparing guidelines: they either prescribe 
functional performance requirements that must 
be met by the interconnection equipment, or 
nonfunctional, equipment-specific requirements. 
For example, a utility mi 6 ht require equipment 
to detect when the DSC generates power with 
a frequency outside a certain range (a functional 
requirement) or require specifically an under- 
frequency relay (technology-specific). 

While a combined approach may be used by 
a utility in preparing its guidelines, research to 
date suggests that performance-based standards 
appear preferable since they allow cogenerators 
to m^et functional criteria rather than requiring 
then-, o install particular types of equipment that 
m, 0 .n later be found unnecessary. New intercon- 
nection equipment is ben, b introduced continu- 
ally with better performance and reduced cost. 
Perhaps in response to the fast pace of techno- 
logical change and improvements in the dispersed 
generation industry, many utilities are instituting 
function-based interconnection guidelines. 

Typically, utilities have different requirements 
for different sized DSGs, with fewer and less strin- 
gent protective functions for the smaller genera- 
tors. While the precise definition of "smaller'' 
versus "larger" is not agreed upon by all utili- 
ties, usually, generators less than 20 kW art con- 
sidered small DSGs and have fewer functional re- 
quirements imposed on them than genentors 
larger than 100 kW. The rationale behind this 
scaling is, as mentioned earlier, to relate the leve 1 
of protection and cost of the interconnect',, n 
equipment to uie size of the generator. In soite 
of this, the per-kilowatt cost of even the least strin- 
gent interconnection requirements is much higher 
for smaller generators (see figure 6-3.) 

There are other variations in the exact require- 
ments specified by utility guidelines (see box 6C). 
Even within a particular State, such as New York, 
requirements differ among utilities for particular 



kinds of equipment, compliance with specific 
electrical codes, etc. 27 (see table 6-2 and box 6D). 

In addition to these changes, there are the on- 
going efforts by standard-setting committees of 
the Institute of Electrical and Electronics Engineers 
(IEEE) ard the National Electric Code (NEC) as 
well as research sponsored by DOE, and the Elec- 
tric Power Research Institute (EPRI) to develop 
national "model" guidelines. While all of these 
organizations have published draft standards or 
suggestions for model guidelines, none has as yet 
released final versions. 28 One of the more influen- 
tial of such efforts is the preparation of revisions 
to the NEC. Working groups meet periodically 
to suggest revisions, and the overall committee 
publishes tiie consensus every 3 years, with the 
next revision planned for 1987. Once the revi- 
sions are published, they are usually circulated 
to all local city, county, and other municipal bod- 
ies, which then incorporate the changes into their 
own local building and inspection codes. This 
process of incorporation, however, may take a 
decade or longer. 

The delays inherent in this process work against 
the fast-changing nature of interconnection tech- 
nology. Even with the adoption of NEC or other 
national standards, utilities are reluctant to ac- 
cept equipment which is unknown to their own 
experience, even if it is in wide use in some other 
utility's service territory. For example, New York 
State Electric & Gas requires that interconnection 
equipment meet American National Standards In- 
stitute standard C37.90 (for power quality) but 
stipulates the utility must have already tested the 
equipment, surveyed users by telephone, and 
collected successful performance histories in 
other utilities. 29 

Another example is the requirement that DSG 
customers use "uHlity-grade" relays, which cost 



"Ibid 

2 «S Chalmers, "Status Report of Standards Development for 
Photovoltaic Sy^ems Utility Interface/'paper presented at Inter- 
society Energy Conversion Engineering Conference, No 849406, 
August 1984, IEEE Standard Coordinating Committee for Photovol- 
taics, "Terrestrial Photovoltaic System Utility Interface for Residential 
and Intermediate Apphcations/'Standard 929 (D'aft), November 
1983, and D Curtice and] 3 Patton, Interconnecting DC Energy 
Systems Responses to Technical Issues, op. cit , 19C3 

W F V Strnisa, et al, "Interconnection Requirements in New York 
S ate/' op cit , 1983. 
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more and have supposedly better reliability than 
ordinary commercial-grade relays. There is no 
general agreement as to what relays are of which 
grade. For example, Central Hudson Electric & 
Gas defines relays *s "utility-grade" if the utility 
has had experience with it and can predict its per- 
formance. 30 As yet, however, no utility has pub- 
lished any assessments linking reliability with the 
level of equipment grade. Thus, the requirement 

,0 tbid 



of and definition of "utility-grade" equipment 
may be largely attributed to general utility conser- 
vatism towards equipment performance, rather 
than towards specific groups of interconnection 
apparatus. 

Equipment grade stipulations can present an 
awkward situation for DSG customers wishing to 
interconnect. For example, a utility refuses to ap- 
prove an interconnection unless the equipment 
hns undergone prior safety inspection, yet the 
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Tabte 6-2.-New York Utility 
Interconnects i Requirements 



Requirement 



Utility approval prior to operation 

Utility inspection 

On premise maintenance log 
Lockable manual disconnect 

switch 

DSG shall not energize a dead 

circuit 

Harmonic content limit . . 
Reactive power meter 
Protective equipment including* 

Main circuit breaker . . . 

Power transformers for 
isolation 

Automatic fault detection and 
shutdown equipment 

Dead circuit detection 
equipment 

Over/under frequency and voltage 
relays 

Directional overcurrent relays . . 

Ground overcurrent relays . . 

Synchronizing equipment. 
Conform to the applicable codes 
including: 

National Electric Code . . 

National Electric Safety Code . . 

Fire Underwriters 

UL approval 

DSG may not backfeed power to 

secondary networks 



KEY TO UTILITIES 
A Consolidated Edison Co 

Central Hudson Gas & Electric Corp 
Long Island Lighting Co 
New York State Electric & Gas Corp 
Niagara Mohawk powar Corp 
Orange & Rockland Utilities 
Rochester Gas & Electric Co 
SOURCE D Woicott and F Stmisa, New York Sfafe 
a/ (Albany, NY New York State Energy 
Authority, March 1964) 
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Interconnection Issues Menu- 
Research and Development 



safety inspectors Have refused to approve the in- 
stallation of interconnection equipment unless 
they ta*'e prior utility consent. An example of this 
diierrn. \ is the case of a wind generator control 
panel, which several utilities insist must have 
Underwriter's Laboratories (UL) approval. UL, 
however, does not test a rc embled control panels, 
although they do test the components used in the 
panels. Such subtleties can create ^ ificant de- 
lays in granting interconnection approval, in- 
crease the cost both to the utility and the cus- 
tomer. In such instance* , some experts argue that: 

... the burden of proof for refusing to accept 
a relay that has passed the standard tests [should] 
be placed on the utilities. [The utility shoulc ei- 



ERLC 



184 



174 • New Electric Power Technologies Problems and Prospects for the 1990s 



ther be required to] show negative operating sys- 
tem experience, or they must develop a testing 
program . rapidly and systematically. If 
one utility tests relays and finds them acceptable 
the results should [constitute compelling evi- 
dence for other utilities] 31 

Therefore, due to a combination of utility con- 
servatism, jurisdictional issues, marked differ 

n Strrvsa~iTal op cil , 198* 



ences in individual utility's guidelines, and the 
lack of model national standards, DSG custom- 
ers are likely to face a confusing array of inter- 
connection guidelines well into the next decade. 
The extreme diversity among utility guidelines 
may also make it difficult to produce high vol- 
umes of standardized equipment and to achieve 
accompanying economies of scale. All of these 
factors may slow the deployment of DSGs. 



UTILITY SYSTEM PLANNING AND OPERATING ISSUES 



Overview 

The pre of planning and operating an elec- 
tric utility system is a very complex one. Planning 
focuses on the selection of technology require- 
ments (generation, transmission, and distribution) 
to satisfy predicted demand by the most finan- 
cially attractive means. Operations management 
refers to the day-to-day, hour-to-hour, and 
second-to-second deployment of existing facilities 
to meet the demand on the electric system . Both 
processes have an overriding goal: to provide the 
pror ! «ction and delivery capabilities to meet elec- 
tricity demand in a safe, reliable, and economic 
man- >r. 

The addition of DSGs to the utility network 
complicates both planning and operations. In the 
short-term, if utility system controllers do not cor- 
rectly anticipate load changes, network elements 
(transformer, lines, generators, etc.) may become 
overloaded and circuit breakers may open, pos- 
sibly causing power reductions or interruptions 
for customers. In the medium-term, insufficient 
transmission and distribution capacity may cause 
poor quality of service. And over the long term, 
if utility planners underestimate or overestimate 
future demands, the utility may be placed in fi- 
nancial jeo^rdy by having to purchase power 
from its neighbors at high rales (for underbuild- 
ing) or by having too much idle capacity (for over- 
building). This section d. :usses the effect of in- 
creasing PSG rapacity on utility operations and 
planning. 



Electric System Planning 

Good planning of electric systems is the key 
to controlling costs since the timing and type of 
additions will likely determine overall costs. There 
are two components in the electric supply cost 
equation: fixed or capital costs, and variable 
costs, e.g., fuel, operation, and maintenance. Al- 
though the overall cost tends to be dominated 
by generation costs, on the order 60 to 65 per- 
cent, transmission and distribution costs cannot 
be ignored. The greatest impact of DSGs is likely 
to be on the distribution system itself. 

Determining DSG's impact on the overall elec- 
tric system involves: 1) estimating the perform- 
ance of the DSG, 2) establishing the relationship 
between system load and DSG performance, and 
3) calculating the change in the utility's perform- 
ance resulting from the DSG. 32 

Generation System Planning.— As discussed in 
chapter 3, utilities perform fundamental eco- 
nomic studies of their systems so that the most 
financially attractive generation option can be 
chosen to meet predicted demand and so that 
they can deterh ,ine when to retire existing units. 
The basic calculation involves the estimation of 
the value resultirgfrom the installation of a power 
source— defined as the savings in conventional 
fuel, operation, maintenance, and capacity costs. 

U T Flaim, et a! , Economic Assessments of Intermittent, Grid- 
Connected Solar Electric Technologies A Review of Methods 
(Golden, CO Solar Energy Research Institute, September 1981), 
SERI/TR -151-474 
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A number of value studies of incorporating so- 
lar energy generating sources into utility resource 
plans have been performed on a variety of spe- 
cific utility systems since 1975. 33 Typically, these 
studies analyze a base case (without solar tech- 
nologies) and then a case with solar. The value 
assigned to the solar energy is the cost difference 
between the two study cases. 

These studies 34 generally incorporate the fol- 
lowing steps in evaluating the value of DSGs in 
a utility's resource plan. First, a base case analy- 
sis of an expansion plan without solar technol- 
ogy establishes a benchmark against whic h solar 
technologies are evaluated. Next, a second case 
is analyzed with solar technologies in three steps: 
1 ) estimating the power output of the solar tech- 
nologies, 2) modification of the hourly loads by 
the solar production to determine the residual 
hourly loads on the nonsolar technologies gen- 
eration, and 3) recalculating production costs and 
the reliability impacts. Typically, generation plan- 
ning studies for the 20- to 30-year planning hori- 
zon do not use detailed, hourly data, but the in- 
termittent nature of solar energy requires this type 
of representation. The difference in reliability be- 
tween the base case and the solar alternative can 
be used to compute the solar technologies' ca- 
pacity credit in the utility's generation plan. As 
a final step in the process, the cost difference be- 
tween the cases with and without solar technol- 
ogies are examined to obtain the single year sav- 
ings. Using the single year savings, the present 
value of the total savings is accumulated over the 
expected lifetime of the solar facility understudy. 

The most important factor affecting the break- 
even energy cost is the utility's present and 
planned future generation mix, which determines 
the type and quantity of fuel and capacity dis- 
placed. Evidence stnngly suggests that while so- 
lar technologies may displace some conventional 
production capacity, the greatest value of solar 
rests with the displacement of energy, i.e., fuel 
savings. 



"Ibid, and T FlaimandS Hock, Wind Energy Systems for Elec- 
tric Utilities A Synthesis of Value Studies (Golden, CO Solar Energy 
Research Institute, May 1984), SERl/TR-21 1-2318 

U T Flaim and S Hock, Wind Energy Systems for Electric Utili- 
ties A Synthesis ot Value Studies, op cit , 1984 



Key areas of future work include the develop- 
ment and validation of models that accurately 
characterize the dynamic behavior of solar tech- 
nologies. Capacity potential will be measured in 
part by the effectiveness of solar technologies to 
participate in short-term load following process, 
i.e., load frequency control. 

Transmission Planning.— Electric transmission 
systems are studied in terms of network capac- 
ity and reliability requirements. Criteria for siz- 
ing ihe transmission system vary from utility to 
utility; however, the basic purpose of all trans- 
mission system design studies is to establish when 
and where new lines should be added and at 
what vo'tage level. 

A transmission plan consists of three major 
components: 1) a geneiation dispatch strategy 
and the projected load profile for the system are 
used to determine the expected transmission line 
loading levels over the planning period; 2) a min- 
imum cost transmission expansion plan for the 
horizon year which meets the reliability criteria; 
and 3) and a "through-time plan/' i.e., the se- 
quence of changes in the transmission system in 
transition to the horizon year. 35 Key parameters 
for comparing alternative expansion plans are the 
number of line additions required per unit of time 
and the present worth cost of those additions. 

Studies sponsored by EPRI 36 estimate transmis- 
sion "credits,'' i.e., capital cost savings, associ- 
ated with DSG siting close to load centers of $66 
to $133/kW, for a variety of transmission system 
configurations. If more expensive underground 
cables are involved, the savings were estimated 
to be as high as $250/kW. The simulations showed 
that an optima! DSG market penetration, from 
the point of view of transmission system planning, 
appeared to be about 20 percent of metropoli- 
tan load growth. Below or above that level, the 
transmission credits per kilowatt decreased. 

Distribution Planning.— The effect of DSGs on 
the distribution system (typically 13 kilovolts and 



r B M. Kaupang, Assessment of Distributed Wind Power Systems 
(Palo Alto, CA Electric Power Research Institute, February 1983), 
EPRI AP-2882 

"Systems Control, Inc , Impact on Transmission Requirements 
of Dispersed Storage and Generation (Palo Alto, CA. Electnc Power 
Research Institute, December 1979), EPRI EM-1192 
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below) is determined by the deployment strat- 
egy of the equipment. Clusters of generating 
equipment, irrespective of individual unit size, 
that are placed on feeders or in substations, af- 
fect the system very differently than small gener- 
ators distributed throughout the electric system. 

In substations, the primary element for concern 
is the transformer. The addition of DSCs has the 
potential for changing significantly the operating 
conditions of the transformer. Deferring addi- 
tional substation capacity is the desirable attrib- 
ute. For small additions of DSCs up to some min- 
imum level, no deferral of transformer capacity 
results because the substation is largely respon- 
sible for serving all the load. Above this minimum 
up to some maximum level, deferrals will result; 
above the maximum, additional transformer ca- 
pacity is required for the generator itself. In sum, 
the effect of deferral is captured by the particu- 
lar sizing policy of the utility, but DSCs can de- 
fer the addition of both transformer and feeder 
capacity. 37 

The addition of DSCs to the substation has no 
influence on distribution system losses, but plac- 
ing generating equipment on the feeder can re- 
duce losses because the production will be closer 
to the load. When generation is placed closer to 
the load, less power is transported through the 
system, thereby reducing losses. DSG installation 
must be well planned so that existing circuits are 
not a limitation. Agair the amount of loss reduc- 
tion depends on the tihty. 

Excessive voltage fluctuations offer greater po- 
tential concern when DSCs are placed in :he dis- 
tribution system, especially since they are nearer 
the loads. Under wind gust or cloud cover condi- 
tions, solar technologies can cause large voltage 
swings due to current surges from the electrical 
converter. Voltage regulators and tap-changing 
transformers in the power system are very slow 
to respond (on the order of a minute) resulting 
in no influence on the short-term problem. 

Electric Power Systems Operations 

Overall management of power system opera- 
tion consist of two phases— operation planning 

"Ibid 



and real-time operation. Operation planning con- 
sists of the scheduling of generation and trans- 
mission facilities for use during a 1- to 3-day 
period; it is the so called "predispatch problem." 
Real-time operation involves the on-line manage- 
ment and control of all facilities on a second-to- 
second basis. In most utilities, daily operations 
are directed from a central control center. 38 

Operations Planning.— A strategy is formulated 
to deploy the system's available r esources to meet 
the anticipated load of the next day economically 
and reliably. First a load forecast of hourly loads 
and load ramp rates (minute to minute changes 
in load) is made to determine the generation and 
transmission requirements. Subsequently, a "unit 
commitment" strategy is determined based on 
available facilities as determined by any sched- 
uled or unscheduled down-time of equipment. 
The resulting plan is the guideline to daily oper- 
ations. 39 

Real-Time Operations. —Utilities must contin- 
ually adjust electricity production to follow the 
constantly changing electric demand. Production 
and demand are maintained in balance by the 
combined actions of speed governors on individ- 
ual generating units (frequency regulation) and 
a closed loop automatic generation control sys- 
tem which performs load frequency control (reg- 
ulation) and economic dispatch functions. 40 !n 
addition, the instantaneous balance of load and 
demand is known as stability. A configuration is 
chosen which assures a stable system under a 
credible list of potential system component 
failures (faults, equipment trips, etc.). 

Automatic Generation Control. -There remains 
much uncertainty and debate over what DSG 
penetration level will negatively affect utility sys- 
tem performance. An earlier OTA report 41 dis- 
cusses concerns about the effects of a high 
penetration of DSGs. A common definition of 
"high penetration" is a DSG capacity over 25 per- 
cent of the capacity of the particular distribution 



,B T W Reddoch, et al , "Strategies for Minimizing Operational 
Impacts of Large Wind Turbine Arrays on Automatic Generation 
Control Systems/' Journal of Solar Engineering, vol. 104, May 1982 

"Ibid 

*°lbid 

4, OTA, Industrial and Commercial Cogeneration, op cit , 1983. 
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feeder or over 25 percent of overall utility sys- 
tem capacity. 

There are no utilities today approaching this 
definition of high penetration of DSG equipment 
on particular distribution feeders— even the util- 
ities with the most DSG installations have less 
than one-tenth of 1 percent penetration. Yet, for 
most utilities, the penetration level is increasing 
and some, such as Houston Lighting & Power, 
are planning for the possibility of penetrations as 
high as 30 percent by the year 2000. 42 One util- 
ity in Hawaii currently has 10 percent DSG 
penetration (see box 6E . 

The effect DSGs have on an electrical system's 
area control error (ACE) is of particular interest. 
ACE measures a combination of frequency devi- 
ation and net tie-line power flow (see box 6A). 
North American utilities have agreed on certain 
minimum standards for ACE values: ACE must 
equal zero at least once and must not vary be- 
yond a certain range during each 10-minute in- 
terval. 43 

Analysts measuring utility system performance 
with high penetrations of DSGs must measure the 
increase in ACE caused by the DSGs, rather than 
by other influences unrelated to DSGs. These 
measurements are difficult to make in the field, 
since AC r often results from the demand shifts 
caused by fast-changing, unpredictable condi- 
tions such as a quickly moving thunderstorm, a 
fast drop in temperature, or a drop in power com- 
ing from a neighboring utility across a high- 
voltage tie-line. 

Most researchers agree that at the present low 
levels and continuing up to at least 5 percent of 
DSG penetration, there are no ill effects on sys- 
tem operations as measured by ACE. However, 
there is no general agreement on what increase 
in penetration of DSGs beyond 5 percent will in- 
crease ACE. 



"Henry Vadie, Houston Lighting & Power, OTA workshop on 
Cost and Performance of New Generating Technologies, June 1984 

4J M G. Thomas, et al , Arizona State University, Draft Report 
The Effect of Photovoltaic Systems on Utility Operations, contractor 
report (Albuquerque, NM Sandia National Laboratories, rebruary 
1984), SAN D84- 7000 



Curtice and Patton 44 used data on wind gener- 
ators and estimated ACE for four different gener- 
ator penetration levels. Their results indicated that 
ACE increases only 1 percent when total wind 
capacity is at 20 percent of the overall utility sys- 
tem. When penetration reaches 50 percent, ACE 
increases to 10 percent. While these changes in 
ACE were not significant, the authors noted, with 
5 percent penetration, wind output variations 

... did not cause a significant change in the 
control process. . . . However, increased energy 
flow over the tie-lines connected to neighboring 
utilities compensated for generator/load mis- 
matches occurring too fast for the utility's gener- 
ators to follow. If the utility's control process is 
designed to minimize tie-line flow deviations, 
. . . then generator/load mismatches show upas 
increased ACE and decreased system per- 
formance. 

These results suggest that, although measured 
ACE was not large, there is a potential problem 
with installing wind machines. If there is a high 
enough fluctuation in wind speed, //there is a 
high proportion of wind generation on a particu- 
lar feeder, and //the utility optimizes its control 
procedures for minimizing tie-line variations (an 
electric industry standard), a decrease in system 
performance could occur. Moreover, there »s a 
potential for overloading the distribution feeder. 
(Other research notes the need to develop alter- 
native generation control algorithms to better ac- 
commodate DSGs. 45 ) 

A Sandia Laboratories study 46 also supports the 
view that DSGs have a limited effec* on system 

**D Curtice and J B. Patton, Interconnecting DC Energy Syst ems. 
Responses to Technical Issues, op. at., 1983. 

45 S. H. Javid, et al., "A Method for Determining How to Oper- 
ate and Control Wind Turbine Arrays in Utility Systems," IEEE Trans- 
action on Power Apparatus and Systems, IEEE Summer Power Meet- 
ing, Seattle, WA, 1984, F. S. Ma and D H Curtice, "Distribution 
Planning and Operations With Intermittent Power Production," IEEE 
Transactions on Power Apparatus and Systems, August 1982, Sys- 
tems Control, Inc , The Effect of Distributed Power Systems on Cus- 
tomer Service Reliability, contractor report (Palo Alto, CA: Electric 
Power Research Institute, August 1982), No. EPRI 3L-2549; and T. 
W Reddoch, et al., "Strategies for Minimizing Operational Impacts 
of Large Wind Turbine Arrays on Automatic Generation Control 
Systems," op. cit , May 1982. Another recent study examined how 
to efficiently operate and control wind turbine arrays; see Stevens 
and Key, op cit , 1984 

"Thomas, etal., op cit., 1984, SAN D84-7000 andM G.Thomas 
and G J. Jones, Draft Report. C rid -Con nected PV Systems: How 
am! Where They hit (Albuquerque, NM: Sandia National Labora- 
tories, 1984) 
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performance. The researchers modeled photovol- 
taic (PV) arrays on a long rural distribution line 
with 30 percent of the homes on the line using 
small (10 to 20 kW) PVs. In order to observe any 
significant increase in ACE, "a solid cloud cover 
would engulf all 10 miles of the distribution feeder 
simultaneously masking every PV home . . . and 
this scenario would be repeated every 6 minutes." 
The study maintains this is a very unlikely situa- 
tion and in any event represents the worst possi- 
ble condition for PV interconnection equipment. 

The sudden and unpredicted loss of a large 
generator can drastically unbalance the supply 
systt m ->f a utility, especially when this genera- 
tor repi cents a large proportion of the entire sys- 



tem capacity. Two modelers have studied such 
a situation: 

Researchers from Arizona State University sim- 
ulated the effects of larger PVs with a three re- 
gion model (the regions are the service areas of 
Arizona Public Service and The Salt River Project 
as well as a th ; rd region representing the re- 
mainder of the Western United States and Cana- 
dian grid). A PV generator was placed in each 
area and its output changed in response to pre- 
determined cloud movement and wind velocity. 
Five different-sized PVs were used, ranging from 
50 to 250 MW. The researchers found no signifi- 
cant increase in ACE as long as: 1) any single 
central-station PV unit was less than 5 percent 
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of total system capacity or less than 5 percent of 
any particular distribution feeder; and 2) a com- 
bination of smaller, home-sized PVs was less than 
50 percent of total system capacity or particular 
feeders 47 

Dynamics and Transient Stability.— Most con- 
cerns with stability have focused on wind tur- 
bines. Tie special characteristics of wind turbine 
generators which cause their dynamic behavior 
to be different from that of conventional units can 
be traced to the large turbine rotor diameter and 
slow turbine speed necessary to capture sufficient 
quantities of power from the relatively low power 
density of the wind. The electrical generators for 



47 R M Beit, "Utility Stale Apph< ation of Wind Turbines, ' pa 
per presented at Winter Power Meeting of the IfcEE, No CH1M4 
Februar\ 1981 



large wind turbine applications are generally four 
or six pole designs and a high ratio gear box is 
essential to step up the low turbine speed to the 
synchronous speed of the generator (1,800 or 
1,200 rpm). The high ratio gear box causes wind 
turbine drive trains to have torsional properties 
which are not characteristic of conventional tur- 
bine generators. But the dynamics of large wind 
turbines are compatible with conventional power 
systems and pose no apparent barrier to their ap- 
plication. The same could be said of the transient 
stability properties of wind turbines during elec- 
trical or mechanical disturbances. 48 



4 "E N HmnchsenandP I Nolan, Dynamics of Single- a nd Multi- 
Unit Wind Energy Conversion Plants Supplying Electric Utility Sys- 
tems, contractor report, U S Department of Energy (Washington, 
DC National Technical Information Service, August 1981), DOE/ 
ET/20466-78/1 
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Chapter 7 

Regional Differences Affecting 
Technology Choices for the 1990s 



INTRODUCTION 



Overview 

The inherent uncertainty associated with esti- 
mating future electricity demand is onr of the 
most important factors affecting utility choices 
among electricity supply options. Demand growth 
rates differ dramatically within and among re- 
gions, and unanticipated change; in these rates 
can substantially affect both overall system relia- 
bility and the need for new generating capacity. 
Other factors that vary by region also strongly in- 
fuence utility tecnnology choices. This chapter 
focuses on these differences, quantifies them 
where possible, and speculates on their short- 
and long-term influence. 

Among these other differences are plant life ex- 
tension opportunities (defined by the age and 
type of existing generating facilities) and present 
and projected fuel dependence, which generally 
establishes regional benchmarks for technology 
cost comparisons. Other variables discussed in 
this chapter include opportunities for increased 



power transfers; potential supply contributions 
from load management, conservation, and co- 
generation; constraints imposed by natural re- 
source availability; and differences in regional 
regulatory and economic environments. 

Definition of Regions 

While regions can be defined by many 
characteristics— e.g., demographics, economic 
make-up, census divisions, and/or physical 
geography— the regions used most often in this 
chapter will be those of the electric reliability 
councils, "i here are nine regional councils in the 
United States and one national group: the North 
American Electric reliability Council (NERC). Fig- 
ure 7-1 summarizes what the councils do and 
shows which areas of the country they cover. Fig- 
ure 7-2 illustrates how these regions compare 
with census divisions, because occasionally data 
will be presented in this format as well. 



REGIONAL ISSUES DEFINED BY ELECTRICITY DEMAND 



The Role of Uncertainty in 
Regional Demand Forecasts 

As noted in chapter 3, the national average an- 
nual rate of growth in electricity demand fluctu- 
ated greatly through the 1970s. Growth rate 
predictions have similarly varied. For example, 
in 1975, NERC expected demand growth to sta- 
bilize at 6.9 percent per year through 1984; as 
of early 1984, the council expected growth 
through 1993 to average 2.5 percent. 1 Other esti- 

'North American Electric Reliability Council (NERC), 14th Annual 
Review ot Overall Reliability and Adequacy of Bulk Power Supply 
in the Flectnc Utility Systems of North America (Princeton, Nj 
NERC 1984) 



mates range between 1 and 5 percent (see fig- 
ure 3-4 in chapter 3). As figure 7-3 i'lustrates, 
small changes in expected growth lead to sub- 
stantial differences in capacity requirements to 
meet overall demand. 

Wide regional variations in demand growth 
rates have been and continue to be common. 
NERC 1984 projections for average annual de- 
mand growth in the next decade range from 1 .3 
(MAAC) to 4.0 percent (ERCOT). Comparable dis- 
parities also occur within regions. For example, 
within WSCC, which is divided into four suL>- 
regions, the California-Southern Nevada Power 
Area expects demand growth of 1.9 percent, 
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Figure M.— Map of North American Electric Reliability Council (NERC) Regions 




*'ZriC helps ensure the adenuac/ and reliability of the U S /Canadian electricity power supply system by acting as a forum 'or greater coor- 
dination between regional utility systems The n*ne regional organizations listed below provide similar services to their member utilities 
Several of the regional councils have member systems tn Canada Throughout this chapter, statistics will be cited for U S members only 

ECAR East Central Area Reliability Coordination Agreement 

ERCOT Electric Reliability Council of Texas 

MA AC Mid-Atlantic Area Counti' 

MAIN Mtd America Interpool Network 

MAPP Mid continent Area Power Pool 

NPCC Northeast Power Coordinating Council 

SERC Southeastern Electric Reliability Council 

SPP Southwest Power Pool 

WSCC Western Systems Coordmat'^g rmmcil 

SOURCE North Am« ncan Electric Reliability Council (NERC) NERC at a Glance (Princeton, NJ NERC t984) 
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Figure 7 2 — Map of U.S. Census Regions 

North Central 




SOURCE US Bureau of the Census 

while the Arizona-New Mexico Power Area ex- 
pects growth on the order of 4.4 percent. 2 Many 
factors underlie these differences in growth rates, 
including observed and expected consumer re- 
sponse to electricity prices and the prices of com- 
peting energy sources; regional and national eco- 
nomic structure and trends; the anticipated 
effects of cogeneration, load management, and 
conservation; varied utility system efficiency im- 
provements; and new uses for electricity. 

Historically, reserve margins have been used 
as general indices of system reliability. As ex- 
plained in box 7A, the definition of what consti- 
tutes an adequate reserve varies. While the tradi- 



2 lbid 



tional target has been 20 percent, utility systems 
within the same region may adopt different stand- 
ards depending on many factors, including indi- 
vidual plant characteristics, access to power from 
other systems, and characteristics of customer de- 
mand. Looking at reserve margins on a regional 
scale thus suggests rather than defines the relia- 
bility issues in a given region. 

As figure 7-3 suggests, reserve margin estimates 
are particularly sensitive to demar ] growth pre- 
dictions. U.S. Department of Energy (DOE) pro- 
jections based on current NERC demand and ca- 
pacity forecasts indicate that, between 1984 and 
1993, six of the nine NERC regions will at some 
point fall short of selected reliability criteria (see 
table 7-4), If future demand growth proves higher 
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Figure 7-3.— 1993 Regional Capacity Shortfalls or Surplus Relative to 20 Percent Reserva Margin Given Varying 
National Demand Growth Rates and Current Utility Capacity Projections 
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In the figure above regional demand is calculated under four different national demand growth rates 1 5 2 5 3 5. and 4 5% 

The regional growth rates expected by NERC councils under the 1984 2 5% forecast for national demard were used to establish relative 

weights for each region These weights were then applied to the i e othbi scenarios so regional differences in growth rates would be 

accounted for 

The 20 percent reserve margin for 1993 was calculated with the following fc-ula 

capacity planned for 1993 - expected peak x 100 



expected peak 

These capacity projections do not account for contributions from power interchanges, nor are they adjusted for expected maintenance, 
outages, and similar factors 
Shortfalls and/or excesses were calculated as follows 

1993 planned capacity - (projected 1993 peak + 20 percent reserve margin) 
SOURCE Office of Technology Assessment, based on data presented in North American Electric Reliability Council (NERC), 14th Annua' Review ot Overall Reliability 
and Adequacy of Bulk Power Supply in fn. Electric Utility Systems ot forth America (Pnnceton NJ NERC 1984) 
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than anticipated, these regions— ECAR, ERCOT, 
MAIN, MAPP, SPP, and SERC-may risk inade- 
quate reserve margins sometime within the next 
decade, unless supplies in addition to those al- 
ready planned are secured. 3 This may make short 

'ERCOT and MAPP may prove particularly sensitive, since they 
are also projected to fall below the 20 percent reserve criterion 
as well as the S percent adjusted reserve benchmark 

ERIC 



lead time, modular technologies as well as ac- 
celerated conservation and load management 
particularly attractive to some utility systems in 
these areas. If, on the other hand, future demand 
is lower than expected, most regions will have 
excess reserves. 

Sensitivity to changes in demand growth in- 
creases in regions where substantial numbers of 
new coal and nuclear plants are already under 
construction. The 1993 installed capacity levels 
in four NERC regions-ERCOT, MAIN, SERC, and 
SPP— are expected to exceed 1983 levels by more 
than 20 percent (see table 7-4). For three of these 
regions— ERCOT, MAIN, and SPP— this includes 
an increase of more than 75 percent in installed 
nuclear capacity. The oil-dependent NPCC will 
be increasing its coal capability by about 75 per- 
cent, although overall coal capability levels in the 
region will remain below 20 percent as of 1993. 
If demand increases faster than anticipated and/or 
construction delays occur, reserve margins in 
some of these regions may be adversely affected. 4 
If load growth falter* below present estimates, 
however, construction plans may have to be 
changed, with potentially adverse effects on the 
financial status of affected utilities. 

A 1984 analysis by the U.S. DOE 5 suggests that, 
since recent operating experience with large gen- 
erating units (i.e., 500 MW or more) indicates that 
they tend to be less reliable and require more 
time for maintenance than small units, a 25 per- 



4 For example, a recent study by J. Steven Herod and Jeffrey Skeer 
of the Office of Coal and Electricity Policy, U S Department of 
Energy projects regional reserve margins through 2000 under two 
different national demand growth scenarios. The first scenario as- 
sumes growth at 2.6 percent through 1990 and 2.4 percent from 
1990 through 200O The second, higher growth scenario assumes 
3.3 percent growth through 1990 and 2 9 percent growth from 1990 
to 2000 The utility capacity projections used in Herod and Skeer's 
analysis exclude 1) coal jnits planned but not yet under construc- 
tion as of the end of 1983, and 2) nuclear unrts only one-third com- 
plete as of that date As would be expected, under these assump- 
tions several regions show reserve margin problems sarlier than 
indicated in figure 7-3 In particular, both ERCOT and MAPP would 
fall below 20 percent in the mid to late 1980s, highlighting these 
regions' dependence on planned additions All regions would fall 
below 20 percent by 1994 under the high growth scenario. For fur- 
ther information, see). Steven Herod and Jeffrey Skeer, "A took 
at National and Regional Electric Supply Needs/'presented at the 
12th Energy Technology Conference and Exposition, March 1985 
The views expressed in the report are those of the authors 

5 U S Department of Energy (DOE), Electric Power Supply and 
Demand for the Contiguous United States 1 964- 1993 (Washington, 
DC DOE, June 1984 
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Table 7-1— Utility Type, By Region 



Percent total 
Percent total electricity sales to 









Number of 


electricity sales to 


ultimate customers 








publicly 


ultimate customers 


from publicly owned 




NERC regions fully 


Number of 


owned 


from lOUs, by census 


utilities, by census 


Census region 


or partially included 


lOUs 


utilities 


region, 1983 


region, 1983 


New England 


NPCC 


24 


43 


91 


9 


Middle Atlantic 


. NPCC, MAAC, ECAR 


23 


49 


92 


8 


East North Central 


ECAR, MAIN, MAPP 


40 


165 


90 


10 


West North Central 


.MAPP, SPP 


34 


217 


64 


36 


South Atlantic 


ECAR, MAAC, SERC 


31 


152 


81 


19 


East South Central 


.ECAR, SERC 


9 


138 


36 


64 


West South Central 


ERCOT, SPP 


24 


113 


81 


19 


Mountain 


WSCC 


27 


52 


70 


30 


Pacific 


.WSCC 


14 


55 


62 


39 


Total, United States 




226 


984 


76 


24 



NOTES Totals may not aqua' 100 percent due to rounding 



IOU - Investor owned unhty 

SOURCE Office of Technology Assessment from Energy Information Administration, Typical Electric Bills Jam sry 1, 1984 (Washington, DC U S Department of Energy, 
December 1984) DOE/E! A -0040(84) and Ea.son Electric Institute (EEI), Statistical Yearbook of the Electric Utility industry/1983 (Washington. DC EEI, 1984) 



cent margin may not completely assure system 
reliability in those systems which place heavy em- 
phasis on large plants. Whether or not this will 
emerge as an issue remains unclear; as of 1980, 
ECAR, ERCOT, MAAC, and SERC were the only 
regions with more than 15 percent of total ca 
pacity in units equaling or exceeding 500 MW; 
of these regions, ERCOT had the highest 
percentage— 25 percent. 6 

Opportunities for Consumer Side 
Alternatives to New Capacity 

Conservation 

Conservation can offer a cost effective alterna- 
tive to a significant quantity of new capacity con- 
struction, and the National Association of Regu- 
latory Utility Commissioners (NARUC) is actively 
encouraging utilities across the country to include 
conservation in their resource plans. From a util- 
ity's perspective, one of the major issues associ- 
ated with relying on this "consumer side" sup- 
ply strategy is that implementation depends on 
actions outside the utility's direct control. While 
different pricing strategies have been used to en- 
courage conservation, customer responses are 
not entirely predictable. Utilities are also con- 
cerned about conservation efforts which might 
reduce off-peak demand w'thout affecting the 

h D(" vod Irom generating pl.int ri diabase 1 prepared tor OTA in 
January 198 > by f M Pri han & Associates, Inc 



peak, thereby decreasing system load factor with- 
out decreasing the need for new capacity. 

The energy conservation resource appears 
quite large, although estimates of the potential 
energy savings and capacity deferrals vary widely. 
OTA's assessment of conservation opportu nities 
in specific energy-use categories can be found 
in several previous studies. 7 

Load Management 

NARUC is also encouraging U.S. utilities to 
consider load management in their resource 
plans. Load shape patterns define the opportu- 
nities for load management. As figure 7-4 illy 
trates, these patterns differ among end-use sec- 
tors, with industrial loads generally more uniform 
than commercial or residential ones. Load shape 
variations between utility systems within NtRC 
regions are as marked as the variations among 
regions. The load management opportunities 
within a given region are defined by many fac- 
tors, including system reserve margins, expected 
load factors, customer profiles, the degree to 
which a utility generates its own power or pur- 
chases it from other systems, and public utility 
commission policies. 

7 U S Congress, Office of Technology Assessment (OTA), Energy 
Efficiency of Buildings in Cities (Washington, DC U S Government 
Printing Office (CPO), March 1962), OTA, industrial Energy Use 
(Washington, DC GPO, June 1933), OTA, U 5 Vulnerability to an 
Oil Import Curtailment The Oil Replacement Capability (Wash- 
ington, DC GPO, September 1984 ) 



Ch 7— Regional Differences Affecting Technology Choices for the 1990s • 189 



Figure 7*4.— Sample Load Curve for a Utility in the 
ECAR Region on a Day in January 
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One of the key operational objectives behind 
load management is to increase system load 
factor—the ratio of average load to total load over 
a specified time interval. In the United States, re 
gions with high load factors are generally charac- 
terized by moderate, stable climates and/or heavy 
industrial loads, while low load factors usually are 
indicative of high seasonal peaks in electricity use 
and/or little heavy industry. 8 

In all regions, there appear to be substantial op- 
portunities for load management; these opportu- 
nities are discussed in detail in chapter 5. In par- 
ticular the residential market remains largely 
untapped, making areas characterized by high 
population density or high population growth at- 
tractive candidates (see tab!e 5-1) if the obstacles 
discussed in chapter 5 can be overcome. Oppor- 
tunities also remain in the commercial and indus- 
trial sectors. 

In the long run, fuel reliance patterns may make 
load management an unattractive option in some 
legions if it defers replacement of costly oil- or 
gas-fired units. 9 This may be especially important 
in oil- or gas-dependent areas such as ERCOT, 
MAAC, NPCC, SPP, the Florida subregion in 
SERC, and two subregions of WSCC— the California- 
Southern Nevada Power Area and the Arizona 
New Mexico Power Area. From the consumer's 
standpoint, the deciding factor regarding the 
desirability of such deferrals will be the ultimate 
impact on electricity bills— a function of both 
electricity rates and electricity use. For utilities, 
the desirability of such deferrals will be heavily 
influenced by their cost relative to other electri- 
city supply options. 

Municipal utilities (munies) and rural cooper- 
atives (coops), most of which buy the bulk of their 
power from other systems, are already actively 
pursuing load management to both improve load 
factor and minimize the cost of purchased power. 
These systems accounted for one-third of all the 
load control points in 1983. Munies and coops 
facing high demand charges on purchased power 
are expected to continue to provide a strong load 



8 12 16 20 24 
Hour of the day 

SOURCE Office of Technology Assessment, from James J Mulveney, "Assess- 
ment of R&D Benefits for the Electric Power Industry,'' Joint Netionsl 
Meeting, ORS A/TIMS, Sin Diego, CA. Oct 26, 1962 



8 NERC, Electric Power Supply and Demand, 1984-1993 (Prince- 
ton, N] NERC, 1984) 

9 ]ames ] Mulvaney, Planning and Evalu^ion Division, Electric 
Power Research Institute, Electric Generation System Development: 
An Overview, November 1983 
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Table 7-2.— Average Fuel Prices, By Region 
(in cents per million Btu) 



a Most of the oil burned by utilities (e g , 90 percent) is residual oil, it is usually 
burned in base and intermediate load boilers 

"Distillate oil is burned in peaKing units (i e , combustion turbines and diesel 
engines) 

SOURCE Data generated for OTA by Energy Information Administration, dec 
trie Power Division, U S Department of Energy. November 1964 



management market through the 1990s in all re- 
gions. As suggested by the data presented in ta- 
ble 7-1, load management efforts may be particu- 
larly strong in the East South Central, Pacific, West 
North Central, and Mountain census regions- 
regions where publicly owned utilities serve sig- 
nificant portions of the electricity market. 

Emphasis on load management and/or conser- 
vation has been particularly strong in several 
States, including Nevada, California, Florida, Wis- 
consin, New York, North Carolina, and the Pa- 
cific Northwest (Idaho, Montana, Oregon, and 
Washington). 
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REGIONAL ECONOMIC AND REGULATORY CHARACTERISTICS 
AFFECTING TECHNOLOGY CHOICES 



Rate Regulation Issues 

Avoided Cost 

Potential markets for many new generating 
technologies depend on the buy-back rates be- 
ing offered by utilities under the avoided cost 
guidelines of the Public Utility Regulatory Policies 
Act (PURPA). Regional generalizations about 
these rates are complicated by the substantial var- 
iations within regions as well as the continued 
changes in rate offerings, primarily due to fluc- 
tuating projections of the costs of avoided fuel 
use. 

Since fuel costs are a critical factor in the eco- 
nomics of technology alternatives, regional aver- 

erjc 



ages are presented in table 7-2. As this table il- 
lustrates, fuel costs are particularly high in NPCC 
and WSCC, two areas within which avoided cost 
rates are also high relative to the rest of the coun- 
try. In general the highest avoided energy rates 
(as of October 1984) were offered in NPCC, 
WSCC, ERCOT, and /MAC, with utilities in States 
in each of these regions offering rates equal to 
or above 6 cents/kWh. With the exception of 
Florida (SERC), States within these 'our regions 
were also the ones with utilities offering the high- 
est capacity credits. 10 



,0 From data presented in "States' Cogeneration Rate-Setting Un- 
der PURPA, Pari 4," Energy User News, vol 9, Nos 40-43, Oct 
1, 8, 15, and 22, 1984 
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Table 7-3.— Average Residential, Commercial, and Industrial Electricity Prices, By Census Region 



Census region 



NERC regions totally 
or partially included 
by designated 
census regions 



Residential rates 8 (c per kWh) Commercial rates b (<p per kWh) Industrial rates 0 <<p per kWh) 



New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain . ... 
Pacific 



NPCC 

.NPCC, MAAC, ECAR 
ECAR, MAIN, MAPP 

.MAPP, SPP 
ECAR, MAAC, SERC 

.ECAR, SERC 

. ERCOT, SPP 

.WSCC 
WSCC 



As of 1/1/83 


As of 1/1/84 


As of 1/1/83 


As of 1/1/84 


As of 1/1/83 


As of 1/1/84 


bills 


bills 


bills 


bills 


bills 


bills 


08.2 


08.9 


09 9 


10 7 


07.8 


08 6 


09 4 


09 5 


131 


133 


11 5 


11 0 


06 6 


06.9 


08 4 


08 7 


07 6 


07 8 


05 9 


06.3 


06 7 


07 1 


05 7 


06 1 


065 


06 9 


07 3 


07 5 


06 8 


07 ! 


05 5 


0 56 


06 3 


06 3 


06 1 


06.1 


063 


06 7 


07 1 


07 5 


06 1 


06 7 


06 3 


064 


07 5 


07 4 


06 2 


06.3 


06 4 


06 5 


07 b 


07 7 


07 3 


07 4 



^Residential rates based on monthly usage of 750 kWh ~~ 
b Commercial rates based on monthly usage of 6,000 kWh (30 kW dsmand) 
industrial rates based on monthly usage of 200.000 kWh (1,000 kW demand) 

SOURCE OTA. from Energy Information Administration (EIA), Typical Electric Bills January 1. 1984 (Washington, DC US Department of Energy, December 1984). DOE/EIA 004C84, Ed.son Electric Institute 
(EEI), Statistical Yearbook of the Electric Utility Industry/1983 (Washington. DC EEI 1984), and 1984 oat a on commercial and industrial rates supplied by EIA s office of Coal and Power Statistics 
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While avoided cost rates could fall in the near 
term (e.g., due to declining oil and gas prices) 
there is considerable disagreement on this issue. 11 
As a policy decision to encourage cogeneration 
and new technologies, some State regulatory 
agencies (e g., New York, New Jersey, and Iowa) 
are deliberately establishing or encouraging high 
buy-back rates. 12 These actions have often been 
the impetus for litigation; the Iowa rate was be- 
ing challenged in court at the time this report 
went to press, while the New York rate had just 
avoided further challenge when, based on juris- 
dictional issues, the Supreme Court declined to 
review a lower court's decision upholding the 
rate. 

Construction Work in-Progress 

State policies towards construction work m- 
progress (CWIP)for new generating facilities are 
another factor which may strongly influence tech- 
nology choices. Allowing CWIP in the ratebase 
helps avert the sudden rate shocks which can oc- 
cur when major new plants come into operation; 
this assumes added importance in areas such as 
the New England and Mid-Atlantic S.ates (see 
table 7-3) where electricity rates are already high 
relative to the rest of the country. Allowing CWIP 
in the ratebase can also make it easier for utili- 
ties to obtain financing for new construction proj- 
ects, since this reduces the perceived and actual 
financial risks associated with new construction. 
Conceivably, such a policy could encourage all 
types of technology, but industry observers sug- 
gest it is most likely to favor conventional 
technologies— systems with which utilities are the 
most familiar and comfortable (see chapter 3 for 
a more detailed discussion) 

Handling CWIP in retail rates is a State deci- 
sion; rate policies are highly variable both be- 
tween States and within the same States over 

"OTA Workshop on fcconomic and Regulatory Issues Affecting 
New Generating Tec hnologies February 198S 

w bome industry observers also note that several utility ( ommis- 
sions are beginning to react against high avoided cost rates and 
may move to set artificially low rates in an effort to protect their 
ratepayers Other States sum as California are stepping ba( k from 
long-term lev eli/ed rates and returning to annual ones Source Allen 
Clapp Director of financial and Economic Analysis, North Caro- 
lina Alternative Energy ( orp , personal communication, Novem 
ber 1984 



time. 13 As of 1981, about 50 percent of all State 
regulatory agencies allowed some form of CWIP 
in the ratebase. 14 The Federal Energy Regulatory 
Commission (FERC), which controls wholesale 
rates, allows 50 percent of the funds used for con- 
struction 10 be treated as CWIP. 

Licensing and Permitting of 
Small-Scale Systems 

Because the economics of small or under- 
capitalized projects are particularly vulnerable to 
unanticipated costs or delays, regulatory policies 
affecting facility siting can also have a strong im- 
pact on technology deployment, especially when 
third-party producers are involved. To date, most 
of the experience in licensing and permitting 
small-scale alternative (especially renewable) 
technology projects has been in California. Al- 
though California's environmental review proc- 
ess is unique and perhaps the most rigorous in 
the country, some general trends appear to be 
emerging. Of these, the most important \s thai 
new, small-scale (i.e., less than 50 MW) technol- 
ogies are not immune to controversy and oppo- 
sition. While their impacts tend to be localized, 
concerns about them have in some cases led to 
lengthy and expensive environmental review, 
with the review costs borne by the developers. 
In other cases, the same types of projects have 
met no local resistance at all (see box 7B). 

These experiences suggest that implementation 
of small-scale solar, geothermal, and wind tech- 
nologies will be substantially influenced by lo- 
cal regulatory policies, the most influential be- 
ing local zoning ordinances, land use permits, 
and public health standards. In areas where a 
land intensive project is prooosed and sensitive 
habitat is affected, State and Federal laws may 
assume a dominant role, but these effects will be 
more site than region specific. 

While siting of alternative technologies can be 
expected to be carefully monitored, especially 
in States with strongly protective environmental 



1 l For example, the Texas Public Utility Commission allowed CWIP 
in the rate base in 1980, but a subsequent 1984 ru'mg excluded it 

^Energy Information Administration, Im^cts ot Financial Con- 
straints on the Efcctrn Utility Industry (Washington, DC Decem- 
ber 1981), DOE/EIA-CHM 
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Table 7-4.— Selected Characteristics of Ree?* lal Electric Utility Generation Systems 



Demand 
growth 



Planned 
additions 



T iel rehance Percentage of tj.al generating capability 



Coal 



Nuclear 



Oil and Gas 





(%) 


(%) a 


Region 


1984-93 


ECAR 


24 


14 4 


ERCOT 


40 


40 1 


MAAC 


1 3 


95 


MAIN 


1 8 


22 4 


MAPP 


24 


11 5 


NPCC 


1 7 


140 


SERC 


29 


21 9 


SPP 


27 


21 3 


WSCC 


* 6 


176 



>25% 



;s45% 



2s 15% 



;>25% 



a 25% 



a 50% 



1984 1993 1984 1993 1984 1993 1984 1993 1984 1993 1984 1993 



Years of projected failure to 
meet target reserve margins b 



25% 



20% 



5% (adj ) c 



84-93 

'83-84, '93 
87 93 



91-93 



'88, "90 93 



'9C-93 



"92 '93 
'91-93 

'85, 91-93 
'92-93 

'93 



a Expected increase over t98~ capacity ~~ ~ ~ ~ — 

^Based on currently pla. -dd additions reported to NERC, power transfers not included 
L Adjusted to account for maintenance and other planned outages 

SOURCE O'fice of Technology Assessment prepared from data presented in U S Department of Energy Electric Po»sr Supply and Demand for the ConUgoocs United States 1984 1993 {Wash, tgton DC 
s Department of Energy, June 1984) DOEJtE-0O03 and North American Electric Reliability Council (NERu, Electnc Power Supply and Demand, 1984 1993 (Princeton NJ, NERC 1984) 
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policies, the relatively less severe environmental siting policies designed to encourage their devel- 
impacts associated with many of the new tech- opment within specific guidelines, 
nologies considered by this report may result in 




KEY CHARACTERISTICS CF REGIONAL 
ELECTRICITY SUPPLY SYSTEMS 



Present and Projected Fuel Reliance 

Regional fuel and technology reliance estab- 
lish the benchmarks for technology cost compar- 
isons. While most systems with substantial oil and 
gas capacity are expected to decrease use of these 
fuels over the next decade, reliance on premium 
fuels is expected to be 51 ong enough in some 
areas, i.e., ERCOT, MA,aC, NPCC, and some sub- 
regions of SERC, SPP, and WSCC, that the eco- 
nomics of competing technologies will remain 

ERLC 



particularly sensitive to the price and availabil- 
ity of oil and gas (see figures 7-5 and 7-6, and ta- 
ble 7-2). 15 As discussed in the section on demand 
uncertainty, this sensitivity will be heightened if 
there are significant changes in actual demand 



,5 These fuel reliance projections are from NERC, Electric Power 
Supply and Demand, 1984-1993, op at., 1984, and from NERC, 
14th Annual Review, op cit., 1984 

The reader should note that all of the 1984 figures cited from 
these two NERC documents are projections made by the reliabil- 
ity councils in early 1984 0 e., january-Apnl). 
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Figure 7-5.— Regional Utility Capacity by Fuel Use, i9tt4 and 1993 



160f 



100 
140 - 
130 
120 



Key 




Nuclear 
Coal 
Oti/gas 
Hydro/other 





1984 1993 
ECAR 



1984 1993 
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MAIN 



1984 1993 1984 1993 



1984 1993 
SERC 



1984 1993 
SPP 



1984 1993 



MAPP NPCC SERC SPP WSCC 

(U.S.) (U.S.) (U.S.) 

SOURCE Office of Technology Assessment, from data presented In North American Electric Reliability Council (NERC), Electric Power Supply and Demand \ 1064 1903 

(Trenton, NJ NERC, 1984) 



growth requiring either cancellation of plants un- 
der construction or rapid construction of new ca- 
pacity. These issues are more fully described in 
the regional profiles. 



Opportunities for Plant Betterment 
and Life Extension 

If scheduled retirement of aging powerplants 
can be delayed by plant rehabilitation or effi- 
ciency improvements, the need for new construc- 
tion may be deferred. As table 7-5 illustrates, 
deferral prospects vary considerably by region. 
At least 40 percent of the fossil-fired steam plants 



in the MAIN, NPCC, and WSCC regions will be 
over 30 years old by 1995 making life extension 
a potentially attractive option. In terms of total 
capacity, the opportunities for life extension ap- 
pear highest in ECAR, SERC, SPP, and WSCC. 

Having a large number of older plants does not 
mean life extension or plant betterment will be 
the most cost-effective supply enhancement op- 
tion; as discussed in chapter 5, choosing this op- 
tion will depend on site-specific economics. 
Nonetheless, the resource scope alone promises 
to make it an important factor affecting regional 
adoption of new technologies; in all but one re- 
gion, the life extension base exceeds regional ca- 
pacity additions planned for the decade of 1983-93. 
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Figure 7-6.— Regional Utility Generation by Fuel Use, 1984 and 1993 
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SOURCE Office of Technology Assessment, based on data presented in North Amencan Electric Reliability Council (NERC), Electric Power Supply and Demand, 1964-1993 
(Trenton, NJ NERC. 1984) 



Table 7-5. — Life Extension Resource Base: Age of Fossil-Fired Steam Plants, By Region 









Total utility plant capacity 






Total installed FF capacity 


additions planned for 1993 




Percent FF capacity ^30 


£30 years old as of 


over 1983 installed levels 


Region 


years old as of 1995 


1995 (MW) 


(MW) 


ECAR 


32.9 


33,335 


13,083 


ERCOT 


20 4 


12,186 


17,546 


MAAC 


35 5 


11,589 


4,435 


MAIN 


41.3 


14,172 


9,157 


MAPP (U S ) 


25 8 


6,695 


3,203 


NPCC (US) 


52 6 


16,806 


7,082 


SERC 


35 8 


32,239 


27,348 


SPP.. 


30 0 


21,359 


12,646 


WSCC(U.S) . 


39 5 


24 811 


19,630 


KEY fossil fired steam plants 



SOURCE Office of Technology Assessment from data generated by E H Pechan & Associates, December 1984, and Norlh American Electric Reliability Council (NERO 
electric Power Supply and Demand, 1964 1993 (Tranton, NJ NERC. 1984) 
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Supply Enhancements From 
Interregional and Intraregional 
Power Transfers 

The amount and importance of interregional 
and intraregional power transfers has increased 
dramatically over the past four decades. While 
such transfers historically have been used to in- 
crease overall system reliability (i.e., emergency 
transfers to support energy-deficient areas dur- 
ing emergencies), the more recent emphasis has 
been on economy transfers which displace high 
cost, fossil fuel generation with cheaper electri- 
city from neighboring systems. This trend has led 
many transmission systems to be consistently 
operated at or near maximum secure loading 
levels. In systems throughout the country, high 
loading levels are now raising concern about im- 
pacts on overall system reliability. Related phys- 
ical transmission limits are curtailing economically 
attractive exchanges into many oil- and gas-de- 
pendent regions. ]6 

The situation in MAAC, where considerable 
amounts of energy are imported from ECAR and 
SERC, highlights these growing problems. In 
1982, MAACs most limiting bulk power facilities 
were loaded to full capacity 40 percent of the 
time; 1 year later, this climbed to 70 percent. In 
that same year ( 1 983), the system was used at 90 
percent of rated capacity almost 95 percent of 
the time 17 (see figure 7-7). When systems are used 
at this intensity, their ability to respond to unex- 
pected, severe disturbances is reduced, thereby 
increasing the risk of service interruption. 

Rather than increasing reliabil' ' through re- 
dundancy, i.e , building new pc /ver lines, utili- 
ties are responding by developing more sophis- 
ticated protective relaying schemes and operating 
procedures. Some engineers argue that the net 
result of this pew trend may be increased load 
shedding, indicating acceptance of increased risk 
of customer service interruptions (perhaps at 
preselected sites) when it results in net economic 
gain. 18 A combination of factors probably under- 



Figure 7-7.— Historical Transmission Loading 
Patterns in MAAC 



,6 NERC, 14th Annual Review op cit , 1984, and Energy Infor- 
mation Adm mist raMon , Inter utility Bulk Power Transai f/ons (Wash 
ington, DC US Department of Energy, October 1983), 
DOE/EIA-0418 

"NERC, 14th Annual Review, op cit , 1984 

'"Ibid 



100 | 

90 

80 

70 

60 

50 

55 40 
°* I 

30 
20 
10 



0) 



1 



10 



20 30 40 50 60 70 80 90 100 



Percent loading of most limiting bulk power system facilities 

SOURCE North American Electric Reliability Council (NERC;, 14th Annual 
Review of Overall Reliability and Adequacy of Bulk Power Supply in 
the Electric Utility Systems of North America. 1984 (Princeton HJ 
NERC 1984) p 18 



lies this new trend, including anticipation of con- 
tinued escalation of construction costs, interest 
rates, and fuel costs, as well as public opposition 
to (and the regulatory complexity of) building 
new plants or new transmission lines. 19 

Figure 7-8 summarizes power transfer capabil- 
ities among regions; table 7-6 shows expected net 
import/export levels by region through 1993 
(these are relatively long-term "firm capacity" ex- 
changes set by contract; economy transfers are 
far more variable and predictions regarding their 
regional levels are not included). In general, if 
demand growth follows present predictions and 
current construction plans are implemented, util- 
ities wan large amounts of coal-fired generation 
probably will continue to be net exporters of 
power, while systems trying to reduce use of 
expensive-to-operate oil and gas units will be net 
purchasers of cheaper power— //they have ac- 
cess to it. However, it is unlikely that power trans- 
fers will be a substantial source of alternative ca- 
pacity in many NERC regions due to the heavy 
use of existing transmission capacity, the limited 

,9 EIA, Interutihty Bulk Power Transactions, op cit , 198* 
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Figure 7-8,— Interregional and Intraregional Power Transfer Capabilities 

Incremental nonsimultaneous trans'er capabilil , 
Q Normal base power transfers 




Dec/Jan-Feb 



(t) With no additional import into the South Louisiana Area of SPP 



(ft) The transfer capabilities between ECAR, MAAC and VACAR are preliminary values taken from ongoing studies These capabilities are 
based on thermal limits only Voltage limitations may cause certain of these capabilities to be lowered 

• Trtal amount of power that can be transferred ,n a reliable manner 

** With a specific operating procedure in effect 

{ + ) No significant transmission limit at this level 

SOURCE North American Electric Reliability Council (NERC). 1984/85 Winter Assessment of Overall Reliability of Bulk Power Supply in the Electric Utility Systems of 
North America (Princeton NJ NERC, Nov 15 1984) p 16 



number of new lines scheduled for operation 
within the next decade, and the long lead times 
associated with siting additional lines. The few 
exceptions are discussed in the regional profiles. 

Prospects for Nonutility Generation 
Cogeneration 

A 1983 OTA assessment estimated the techni- 
cal cogeneration potential in the United States 
by the year 2000 at 200,000 MW in the indus- 



trial sector and 3,000 to 5,000 MW in the com- 
mercial, agricultural, and residential sectors. 
Actual implementation is expected to be con- 
siderably less, depending on a broad range of 
economic and institutional considerations. 20 For 
example, if a 7 percent rate of return after infla- 
tion is used as the cut-off point for acceptable 
project economics a 1984 study prepared for 



20 U S Congress, Office of Technology Assessment, Industrial and 
Commercial Cogeneration (Washington, DC US Government 
Printing Office, February 1983), OTA-E-192 
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Table 7-6.— Actual and Expected Power Transfers, 1983-93' 





Years expected to 


Net exports (range tn MW) 


Years expected to 
be net importer 


Net imports (range in MW) 


Ronton 


be net exporter 


Low 


High 


Lew 


High 


bOAH 


1984-92 


270 


3,938 


1993 


175 


178 






summer 1992 


summer 1994 




winter 1993 


sumner 1993 


cROOT . 


0 


0 




1984-93 


582 
winter 1986 
summer 1987 


709 
winter 1989 


MA AT 


n 
u 


0 




1984-93 


107 
winter/ 
summer 1993 


1,582 
winter/ 
summer 1984 


MAIM 


1QQC Q<] 


65 


536 


1984 


42 


462 






summer 1993 


winter 1989 




winter 1984 


summer 1984 


M APP {[ 1 C \ 




354 


658 


1984-93 


327 


556 




winters 


winter 1984 


winter 1986 


summers 


summer 1987 


summer 1991 


NPCC(US) . 


Winters of 1991 

fill 1 Iwl v \J \ 1 vv 1 | 


81 


101 


1 QUA QQ 


77 


1,747 




1992, 1993 


winter 1991 


winter 1993 




winter 1990 


summer 1985 


SERC . 


1984-89 


300 


1,540, 


summer 1984; 


200 


1,300 




winter summer 


summer 1985 


winter 1984 


1989-93 


winter 1989- 
winter 1991 


winter 1992 


SPP 


1992-93 


240 


539 


1984-92 


226 


1,017 






summer 1993 


winter 1993 




winter 1984 


summer 1987 


WSCC (US). 


0 


0 




198/ -93 


183 
winter 1984 


610 
winter 1983 



a Firm power transfers only, economy purchases are not included 

SOURCE Office of Technology Assessment, from U S Department of Energy (DOE), Electric Power Supply and Demand for the Contiguous United States, 1963-1993 
(Washington, DC DOE, June 1964). DOE/IE-003 



DOE 21 estimates that 39,348 MW of industrial co- 
generation capacity are presently available. Fifty- 
four percent of this total is in six States. Three of 
them— Texas, California, and Louisiana (coi re- 
sponding to ERCOT, the California-Southern Ne- 
vada subregion of WSCC, and the southern por- 
tion of SPP) account for 31 percent of the total 
potential, making these areas especially impor- 
tant in terms of possible contributions from non- 
utility generators. Pennsylvania, Ohio, and New 
York (corresponding *o parts of ECAR, MAAC, 
and NPCO account for an additional 16 percent, 
making contributions in these States also substan- 
tial relative to the country as a whole. The po- 
tential is not expected to be high in the New Eng- 
land, Northwest, North Central, and Central DOE 
regions, although individual States within these 
regions, e.g., New York, may be exceptions. 
Table 7-7 presents a summary of the regional co- 
generation opportunities identified by the study 
and lists the States included in each region. These 



"Dur. & Bradstreet Technical Economic Semces and TRW Energy 
Development Group, Industrial Cogenerat ion Potential (1960-2000) 
for Application of Four Commercially Available Prime Movers at 
the Plant Site, Final Report, 1984 
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estimates are based on 1 980 data; the study pro- 
jects that 47,435 MW in addition to the 39,348 
MW presently available will be available by the 
year 2000." 

While some utilities consider the anticipated 
impact of power from nonutility generators in 
their demand forecasts, capacity plans, and other 
data submitted to NERC for preparation of its an- 
nual reports, many others do not. This results in 
inconsistent treatment and probable underrep- 
resentation of these potential resources by the 
NERC projections cited in this chapter. 

Resource Availability 

Regional differences in resource availability will 
define the range of opportunity for many new 
technologies considered in this assessment. 

As figure 7-9 illustrates, geothermal develop- 
ment is expected to be confined to the South- 
west and Hawaii. 



"Ibid 
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Table 7-7.— Estimated Maximum Industrial Cogeneration Potential Available as of 1980 







NERC regions 




Percent of 




Percent of 


tJA/uvjt repton 




fully or partially 


Percent of 


total plants 


Potential 


potential MW 


States included 


included 


potent plants 


nationally 


MW 


nationally 


New EnQldnd 


ME VT NH MA 




1 AO 


c 

D 


i COD 


4 




CT, Rl 












NY/NJ . 


NY, NJ 


NPCC, MAAC 


540 


15 


3,544 


10 


MidAtlantic . 


PA, DE, MD, VA, WV 


MAAC, ECAR, SERC 


470 


13 


4,155 


11 


South Atlantic . 


KY, TN, NC, SC, GA, 


SERC, SPP, ECAR 


679 


19 


6 368 






AL, MS, FL 










Midwest . 


.Wl, Ml, IL, IN, OH 


MAIN, ECA-' 


850 


23 


6,255 


16 


Southwest 


TX, OK, NM, LA, AR 


ERCOT, SPP, WSCC 


348 


10 


9,442 


24 


Central 


IA, NE, MO, KS 


MAPP, MAIN, SPP 


121 


3 


1,553 


4 


North Central 


ND, SD, MT, WY, UT, 


WSCC, MAPP 


28 


1 


736 


2 


West 


CO 

CA, NV, AZ, HI 


WSCC 


359 


10 


4,241 


11 


Northwest 


.WA, OR, ID, AK 


WSCC 


60 


2 


1,360 


4 






Total . . . 


3,644 


a 


39,344 


a 



•Totals exceed 100 percent due to rounding 



SOURCE Office of Technology Assessment, from 1) Dun & Bradstreet Technical Economic Services and TRW Energy Development Group, industrial Cogenention 
Potential < 1980-2000) for Application of Four Commercial Available Prime Movers at the Plant Site, Final Report, vol I, prepared for U S Department of Energy, 
Office of Industrial Programs (Springfield, VA National Technical Information Service. August 1984), DOE/CS40403-1, and 2) Information provided to OTA 
by the U S Department of Energy, April 1985 



Figure 7-9.— Major U.S. Mydrothermal Resources 




^ — East Mesa 
SOURCE Peter D Blair, et al . Geothermal Energy Investment Decisions and 
Commercial Development (New York John Unley & Sons 1982), p 9 
Reproduced from R L Smith and H R Shaw US Geological Survey 

Circular 76. 1975 

While the wind resource is strong in the West 
(WSCC) and most of the development to date has 
occurred there, the resource is promising in many 
other areas, including parts of ERCOT, MAPP, 
NPCC, and SPP (figure 7-10). 

"Incompatible" land uses may limit the land- 
intensive wind and solar technologies, especially 



in areas where a high premium is placed on visual 
esthetics (see tl.e earlier discussion on licensing 
and permitting). In densely populated regions 
such as NPCC, development of these technol- 
ogies may be more affected by land availability 
rather than by resource availability. For example, 
solar eiectric development will be particularly 
constrained in heavily populated areas where in- 
solation levels require high acreage per kilowatt 
of power production. Figure 7-1 1 illustrates the 
national solar resource. 23 

While land availability constraints may limit 
solar and wind development, these same con- 
straints are expected to augment the attractive- 
ness of fuel cells and batteries in urban areas. Re- 
sources for CAES development are available in 
all regions, as illustrated in figure 7-12. 

Regions projecting continued and/or expanded 
emphasis on coal generation (especially ECAR, 
MAIN, MAPP, and SERC) will be likely candidates 
for AFBC and IGCC development (see table 7-4). 



"Solar availability in the United States vanes by close to a factor 
of 1 between the Southwest, on the one hand, and the Northwest 
and Northeast on the other 
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Figure 7-10.— Average Annual Wind Power (watts per square meter) 




NOTES Estimates are fo' wind speeds at a point 50 meters above land surface For mountainous areas (shaded) the ftgu'es provided are low estimates of wind speeds 
on exposed ridges or summits 



SOURCE From Kendal and Nadis Energy Strategies Toward a Solar Future Copyngr- <980, Union of Concerned Scientists Repn.ited w ( th permission from Ba!l:naer 
Publishing Co 
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Figure 7-11.— Average Annual Solar Radiation <kWh/m 2 -yr) 




SOURCE M G Thomas and G J Jonas, "Grid-Connected PV Systems How and Whera They Fit," Sandia Report A Compilation of Sandia Contrib- 
uted Papers to the 17th IEEE Photovoltaic Specialists Conference, prepared for the U S DOE, Edward U Burgess (ad) {Albuquerque, 
NM Sandla National Laboratories, May 1964) 
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REGIONAL FUEL AND TECHNOLOGY RELIANCE" PROFILES 

East Central Area Reliability 
Coordination Agreement (ECAR) 




PENNSYLVANIA 

OHIO 




In anticipation of a 
2.4 percent regional 
annual growth rate 
in summer peak de- 
mand, ECAR is pro- 
jecting a 14 percent 
increase in its 1983 
installed capacity 
levels by 1993. 25 The 
region relies heavily 
on coal (93 percent 
of 1984 electricity 
generation) and is expeaed to continue this reli- 
ance well into the 1990s. Present construction 
plans also project a substantial increase in depen- 
dence on nuclear energy, from 7 percent of to- 
tal generation in 1984 to 13 percent in 1993. 26 
There is a possibility that several of these nuclear 
p.ants will not be completed on schedule; mem- 
ber systems have already had to cancel four nu- 
clear units 27 (3,600 MW) which were well along 
in construction. Two of these (Midland 2 and 
Zimmer 1) are among the costliest piants in the 
country. 28 

Assuming completion of presently planned 
units (i.e., as of the 1984 14th Annual NERC re- 
port), ECAR's 1993 reserve margin i? currently 
estimated at 32 percent 29 — well above traditional 
measures of adequacy. According to the region's 
1984 annual report, of the units planned and/or 
currently under construction, five nuclear units 
(5, 100 MW) scheduled for completion by 1908, 
nine combustion turbines (735 MW) and three 



24 All of the NERC regional maps included in this section are 
reprinted with permission from NERC, 14th Annual Review, op 
at , 1984 

"Historically, ECAR has been winter oeaking, but the region is 
expected to be summer peaking from 1984 on 
"NERC, 14th Annual Review, op cit , 1984 
"Marble Hill 1 and 2, Midland 1, and Zimmer 1 
"According to Forbes (James Cook, "Nuclear Follies," Forbes, 
vol 135, No 3, Feb 11, 1985, pp 82-100), the cost per installed 
kilowatt at Midland 2 was $4,889, and the cost per kilowatt at Zim- 
mer 1 was at $3,827, compared with an $1,180 cost per kilowatt 
at Duke Power's McGuire 2 plant 

"DOE, Electric Power Supply and Demand for the Contiguous 
United States, 1984-1991, op cit , 1984 



coal plants (1,550 MW) scheduled for comple- 
tion between 1989 and 1993 may not be finished 
on schedule, raising some questions about ade- 
quate reserves at the end of the decade if demand 
grows as expected. If these plants are completed 
on time, 1993 projections for adjusted reserves 
(4.6 percent) fall slight!y below suggested relia- 
bility criteria 30 (see table 7-4), while reserve mar- 
gin estimates remain well above 20 percent. As 
figure 7-3 suggests, the national high demand 
growth scenario could lead to reserve shortfalls 
in the region, while lower demand scenarios 
leave ECAR with a sizable capacity surplus. 

ECAR's heavy dependence on coal makes it 
particularly vulnerable to the cost of more strin- 
gent acid rain regulations. Plant derating, retire- 
ment of older units which cannot be economi- 
cally retrofitted, and increased down-time from 
maintaining additional flue gas desulfurization 
equipment could create a need for additional ca- 
pacity, depending on the emissions reductions 
required, the age-mix of the plants affected, pro- 
jected electricity demand in the area, and related 
factors. Concerns regarding these regulations are 
expressed in the annual NERC reports for all the 
coal-dependent regions. 31 

ECAR is characterized by moderate levels of 
both intraregionaland interregional transfers, in- 
cluding power imports from Canada. Within the 
region, thesa transfers are due to load diversity; 
inter-regional sales are economy transfers displac- 
ing costlier fuel, especially in the MAAC region. 
The region is expected to be a net exporter through 
the early 1990s. 32 ECAR's current transmission 
system is being used close to its limit; 1,800 miles 
of new line are under construction to strengthen 
the region's overall transfer ability. 33 



30 !bid 

31 NERC, 14th Annual Review, op cit , 1984. 

32 DOE, Electric Power Supply and Demand for the Contiguous 
United States, 1984-1993, op cit , 1984. 

33 NERC, 14th Annual Review, op. at., 198*, andEIA, Interutility 
Bulk Power Transactions, op cit., 1983. 
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Electric Reliability Council 
of Texas (ERCOT) 



ERCOT 




Demand is ex- 
pected to grow at an 
average annual rate 
of 4 percent in 
ERCOT over the 
next decade— the 
highest growth rate 
of all the NERC re- 
gions. Member utili- 
ties depend heavily 
on gas (60 percent of 
total electricity gen- 
eration in 1984; projected to decrease to 35 per- 
cent in 1 993); they are planning to decrease this 
dependence by building several thousand mega- 
watts of new coal/iignite and nuclear capacity. 34 

Present utility capacity plans call for a 40 per- 
cent increase in installed capacity over 1983 
levels by 1993 (see tible 7-4). Even with this 
construction, ERCOT may approach or fall below 
several suggested reliability criteria within the 
next decade if present demand predictions prove 
to be accurate. For example, the adjusted reserve 
margin is projected to fall to 4.3 percent as of 1 991 , 
and the installed reserve margin is expected to 
fall below 19 percent from 1990 through 1993. 35 
Figure 7-3 suggests the region may experience large 
capacity shortfalls relative to other regions under 
all but the lowest national growth scenarios. 

Power from cogenerators could offset possible 
shortfalls in the region, since potential contribu- 
tions from cogeneration may De inadequately re- 
flected by current utility resource plans. While 
the present industrial cogeneration potential in 
ERCOT is estimated at 5,1 1 0 MW, 33 the cogenera- 
tion capacity additions shown in the region's 1984 
report total 885 MW for the 1984-93 planning 
period; total capacity contributions from "other" 
sources for 1 993 is estimated at 4,862 MW— this 
figure includes conservation, load management, 
energy from refuse, and other undesignated 



sources as well as cogeneration. 37 In .esponse to 
the large cogeneration resource in-state, the 
Texas utilities commission recently ordered one 
Texas utility to show cause why several planned 
lignite-fired plants should not be decertified in 
light of potential capacity from cogeneratoi*. 38 

Whether or not the full cogeneration potential 
in ERCOT is realized will depend to a large ex- 
tent on relative economics; it is likely that cogen- 
eration wili be one of the major supply options 
with which new power generating technologies 
will have to compete. 

Imports from other regions are expected to play 
an increasing role in ERCOT. Historically, there 
have been large amounts of interchanges among 
ERCOT member systems, mainly for emergency 
purposes, but ERCOT has been relatively isolated 
from other regions. Lines are presently under con- 
struction to link ERCOT systems with SPP and bet- 
ter integrate remote generating sources within 
ERCOT. 39 The region is expected to be a net im- 
porter for the next decade (see table 7-6). 

Mid-Atlantic Area Council (MAAC) 

MAAC utilities rely 
predominately on 
nuclear and coal- 
fired generation. By 
1993, njclear's 
share of total gener- 
ation is expected to 
jump from 28 to 45 
percent, while coal's 
share of generation 
will drop about 1C percentage points. 40 Accord- 
ing to a recent NERC report, the "comparatively 




MAAC 



"NERC, 14th Annual Review, op cit , 1984 

"DOE, Electric Power Supply and Demand for the Contiguous 
United States, 1984-1993, op cit , 1984 

,6 Dun & Bradstreet and TRW, Industrial Cogeneration Potential 
(1980-2000), op cit , 1984 



37 NERC, Uth Annual Report, op cit , 1984, and NERC, Electric 
Power Supply and Demand, 1984-1993, op cit., 1984. 

38 At a recent conference on utility applications for renewable tech- 
nologies, the vice president of Houston Light and Power noted this 
fact and also remarh *d that "We have had 1 300 MWe (of cogener- 
ated power) thrust on us "ver two years ' ' in addition, in 1 984 when 
the company sought to add 300 MW from third-party producers 
to boost its reserve margin to 20 percent, cogenerators offered 1 ,275 
MW (Sources REI/EEI Conference, op cit , November 1984; and 
"Developers, Utilities, Lay Out Their Arguments," Solar Energy In- 
telligence Report, Nov. 19, 1984, p. 365) 

"NERC, Nth Annual Review , op cit , 1984; and EIA, Interutil- 
ity Bulk Power Transactions, op cit , 1983 

*°NERC, Electric Power Supply and Demand, 1984-1993, op at., 
1984 
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weak financial position of some electric utilities 
in the Region may force decisions to reduce cap- 
ital expenditures, which will delay the service 
dates of generating units under construction." 41 
Two units (one nuclear, one oil-fired) have al- 
ready been delayed (the nuclear unit by 2 years, 
from October 1 988 to April 1 990; the oil unit from 
June 1992 to beyond the 1934-93 planning period). 
MAAC planners cite reduced demand forecasts 
and financing problems as the major reasons for 
the delays. 

Presently, annual demand growth is predicted 
to remain at 1.3 percent and reserve margins are 
expected to be adequate nrough the early 1 990s. 
As figure 7-3 illustrates, given present construc- 
tion plans, reserves would fall below 20 percent 
only under the 4.5 percent national growth sce- 
nario. Of course, further plant delays (or unex- 
pected changes in demand growth) could change 
this situation. The region is already taking maxi- 
mum possible advantage of economy power 
transfers from neighboring regions, notably ECAR 
and SERC; transmission limitations are expected 
to keep these levels below the amount MAAC 
utility systems would prefer. These factors may 
create an attractive climate for short lead time, 
new technologies if those technologies are eco- 
nomically competitive at the time a need for ad- 
ditional power is recognized. 

While only 7 percent of the electricity gener- 
ated in 1984 in MAAC was expected to be oil- 
fired (decreasing to 4 percent by 1993), oil and 
gas comprise nearly 52 percent of MAAC's 1 984 
installed capacity and will probably account for 
44 percent in 1 993. 42 Oil is the region's "swing" 
fuel: if circumstances delay construction or in 
some way impede use of the region's coal and 
nuclear capacity, or if demand increases substan- 
tially faster than expected, oil use will increase. 
In that case, oil costs wili strongly influence the 
relative economics of alternative generating options. 

Like other coal-using regions, MAAC is vulner- 
able to changes in present environmental regu- 
lations. Regional planners note that, if present reg- 
ulations are substantially tightened, the impact 
on some of the area's older coal plants could af- 

4, NERC, 14th Annual Review, op at , 1984, p 31 
4 >NERC, 14th Annual Review, op cit , 1984 



feet overall system reliability, because some units 
might have to be retired and the output of others 
would be substantially reduced. This could cre- 
ate a need for additional power sources— another 
potential opportunity for new technologies. 

Nuclear power is another important issue in the 
region. In particular, developing sufficient away- 
from-reactor storage facilities for radioactive 
wastes is a concern for some MAAC utilities 
which face shortages in onsite storage facilities 
at some of their older nuclear plants. 43 In the long 
run, this too may affect technology choices in the 
region. 

Mid-America interpooi Network (MAIN) 

MAIN expects its 
installed capability 
to exceed 1983 
levels by 22 percent 
in 1993; this con- 
struction level is 
based on a predicted 
demand growth rate 
of only 1 .8 percent. 
The region presently 
relies heavily on coal 
(68 percent of total 
electricity genera- 
tion in 1984) and nu- 
clear power (29 per- 
cent). By 1993, coal 
is expected to de- 
crease to 56 percent 
of total electricity generated by electric utilities 
in the region, while nuclear's share is expected 
to increase to 41 percent. 44 

Given their emphasis on coal generation, the 
region's utility systems are sensitive to changes 
in air emissions regulations. Potential construc- 
tion delays could also be a problem— 85 percent 
of all of the plants presently under construction 
in MAIN are nuclear; seven new units are planned 
to come into commercial service between 1984 
and 1987. 45 Delays would be especially impor- 
tant in light of projected reliability criteria for the 




Mbid 
4 lbid 
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region* as table 7-4 illustrates, given construction 
plans as of 1984, the area is expected to fall be- 
low the 5 percent adjusted reserve margin cri- 
terion in the early 1990s. Figure 7-3 suggests fur- 
ther vulnerability under high national deman j 
growth scenarios (i.e., 3.5 and 4.5 percent. 
Given present oil- and gas-fired capacity levels 
(15 percent of 1984 capacity; 2 percent of "9£ t 
generation), oil md gas could be "swing" fuels 
•n the region. 

MAIN expects to be a net power exporter over 
the next decade; it is one of the only regions pro- 
jecting commitment to "surplus" capacity so it 
can take advantage of economy power sales to 
neighboring regions. 46 A surplus is also seen as 
desirable because it would ease routine mainte- 
nance schedules by removing some ojf the pres- 
sure to get a unit being serviced back on line im- 
mediately. 47 It should be noted, however, that 
MAIN s expected seasonal net export levels (for 
firm capacity, not economy transfers) range from 
65 to 536 MW; both ECAR and SERC expect to 
export considerably higher levels (see table 7-6). 48 

Given the high percentage of nuclear plants 
presently under construction and considering the 
historical tendency for these types of plants to 
be more prone to delay than coal-fired units, 49 
some MAIN utilities will be vulnerable to delays 
in completion of nuc'ear units. Such del could 
substantially enhance the attractiveness or short 
lead time, modular technologies in the region. 



4 , bid , and EIA, Interutihty Bulk Power Transactions, op cit , 
1983 

47 Givcn projected shortfalls of some reliability criteria, this aim 
requires ft 1her explanation, which is found in the fact that MAI N's 
surr s is primarily confined to its offpeak (winter) season, short- 
falls vis a vis the 5 percent adjusted reserve criterion are only ex- 
pected in the summers of the years cited in table 7-4. 

^MAIN utilities rely on intraregional transfers between MAIN 
subregions which have abundant coal and others which are either 
capacity deficient or oil and gas reliant (NERC, 14th Annual Re- 
view, op at., 1984; and EIA, Interutihty Bulk Power Transactions, 
op cit., 1 983). If it finds itself in need of power (e.g., in 1 984— see 
reserve margin section), imports can be gotten from MAPP and 
ECAR, and maybe also from SPP. 

A recent study notes that MAIN'S export capability to TVA (SERC) 
may be extremely low under anticipated 1988 peak conditions; ex- 
port c pability from MAIN to SPP and MAPP into MAIN under these 
projected conditions was judged inadequate (DOE, Electric Power 
Supply and Demand for the Contiguous United States, 1 964- 1 993, 
op cit., 1984 

4, DOE, Electric Power Supply and Demand for the Contiguous 
United States, 1984-1993 , op. cit., 1984 
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Mid-Continent Area Power Pool 
(MAPP-U.S.) 

The U.S. members 
of MAPP presently 
rely on coal and nu- 
clear power for the 
bulk of thei electri- 
city generation— 20 
percent nuclear, 66 
percent coal; hydro- 
electric power sup- 
plies 14 percent. 
MAPP is expected to 
continue its reliance 
on these technologies through the 1990s. While 
oil and gas accounted for less than 1 percent of 
total generation in 1984 and are expected to sup- 
ply about the same in 1993, installed nuclear ca- 
pability in the region is expected to exceed oil 
and gas by less than 2 percent during the same 
time period. 50 This makes oil and gas "swing 
fuels" in the region, with all the associated im- 
plications for avoideci cost rates. 

Demand growth is predicted to increase at an 
average annual rate of 2.4 percent over the next 
10 years; utilities within the region are planning 
an 11.5 percent increase in capacity levels by 
1993. 51 DOE projections of reserve margins 
(which assume scheduled completicn of all units 
planned as of the end of 1983) indicate the re- 
gion may fall below traditional reliability criteria 
in the late 1980s and early 1990s (see table 7-4). 
In addition, figure 7-3 suggests shortfalls of the 
20 percent reserve margin under all but the low- 
est national demand growth case. Since construc- 
tion has not yet begun on roughly 50 percent of 
the plants scheduled to come on line after 1 989, 52 
system reliability concerns may create a window 
of opportunity for short lead-time technologies 
in the region. 



*>NtRC, Electric Power Supply and Demand, 1984-1993, op cit, 
1984; anH NERC, 14th Annual Review, op cit., 1984. 

51 NEf f , Electric Power Supply and Demand, 1984- 1 993, op cit , 
1984. 

"NERC, 14th Annual Review, op. cit , 1984. 
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MAPP members echo the concerns of other 
coal-reliant systems regarding the potential im- 
pact of more stringent air quality controls. Besides 
impeding overall reliability, increasing mainte- 
nance needs, and spurring "premature" plant 
retirements, they think retrofits could also lead 
to higher electricity costs for consumers. 53 

While MAPP's member utilities wi'l not be 
increasing their reliance on nuclear power, stor- 
age of spent fuel from existing plants is a con- 
cern for the 1 990s because onsite storage capac- 
ity will be fully used by that time. If national 
nuclear waste repositories for away-from-reactor 
storage are not available, some member systems 
expect they may have to reduce generation from 
their nuclear units. 54 As in MAAC, this could cre- 
ate further need for new capacity. 

The U S. members of MAPP are summer peak- 
ing; its Canadian members are winter peaking. 
MAPP's U.S. members import power from its 
Canadian members, exchange power with neigh- 
boring council such as MAIN, and engage in a 
substantial amount of intraregional transfers avail- 
able due to load diversity within the region. 
Studies are now underway regarding the feasi- 
bility of increasing the region's ability to import 
hydroelectric power from Manitoba into Minne- 
sota and Wisconsin, and the Dakotas. 55 Given the 
usual economic attractiveness of such trans- 
actions, imports could emerge as a more cost- 
effective supply option than competing generat- 
ing technologies if MAPP's import capabilities are 
increased. 



Northeast Power Coordinating Council 
(NPCCU.S.) 

More than 50 per- 
cent of installed ca- 
pacity in NPCC is oil- 
fired. Oil accounted 
for 38 percent of 
total generation in 
1984; it is expected 
to account for 21 
percent in 1993. 
Nuclear units ac- 
counted for 16 per- 
cent of 1984 capac- 




NEW YORK 



NPCC-U.S. 



ity and are expected to represent 23 percent by 
1993 (23 percent and 38 percent of total gener- 
ation, respectively), while coal-fired units ac- 
counted for 1 1 percent of 1 984 capacity and are 
expected to contribute 17 percent by 1993 (18 
and 27 percent of generation, respec*- !y). 56 

Decreasing the region's heavy dep ,ice on 
oil hinges on completion of several new coal and 
nuclear units ranging in size from 800 to 1,150 
MW. Some of these plants have proven quite 
controversial. For example, two of NPCC's nu- 
clear units— Shoreham and Seabrook I— are 
among the most expensive plants in the coun- 
try, with installed costs of $5,1 92 and $3,91 3 per 
kilowatt, respectively. 57 Increased electric rates 
associated with bringing these plants into the rate- 
base could run as much as 53 percent for Shore- 
ham (Long Island Lighting Co. s service area) 
and 63 percent for Seabrook I (for Public Serv- 
ice of New Hampshire's customers). 58 If demand 
growth continues as predicted (1 .7 percent) and 
if some of these new plants are not completed 
and brought into service during the 1 985-90 time 
period, the opportunities for new technologies 
will depend to a large extent on their competi- 
tiveness with new oil-fired, conventional units. 
(As discussed below, imports from Canada are 
not likely to be able to fill the resulting demand 
for power.) Given the high population density of 
many NPCC States, modular technologies which 



"Ibid 
"Ibid 

"EIA, Interutihty Bulk Power Transactions, op cit , 1983, and 
NERC, / 4th Annual Review, op at , 1984 



"NERC Electric Power Supply and Demand, 1984-1993, op at, 
1984 

57 Cook, op at , Feb 11, 1985 
SB lbid. 
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are not land intensive might prove the easiest to 
site. 

Cancellation of currently planned facilities 
could also adversely affect reliability criteria 
within the region. Given present plans to increase 
generating capability 1 4 percent over 1 983 levels 
by 1993, it is expected that the systems within 
NPCC will meet traditional reliability measures 
into the 1990s. But problems are anticipated in 
mid-decade if these units are not brought on line, 
peak demand growth substantially increases be- 
yond present forecasts, and/or presently operat- 
ing nuclear units are not kept in operation. 

On the other hand, if currently planned units 
come into service as scheduled, figure 7-3 sug- 
gests a shortfall of ihe 20 percent reserve margin 
in the early 1 990s only under the 4.5 percent na- 
tional demand growth scenario. 

NPCC systems import power primarily from the 
Canadian NPCC systems and ECAR. Reliance on 
oil makes economy transfers especially attractive 
to NPCC members, but the demand for such 
transfers exceeds existing, under construction, 
and planned transmission capacity both within 
the United States and between NPCC's U.S. and 
Canadian members. Present economy energy 
transfer levels leave little capacity for emergency 
flows; if emergency transfers are needed, econ- 
omy transfers will be reduced. Even NPCC's coal 
burning utilities buy economy power when pos- 
sible, since they have large loads and heavy peaks 
which must otherwise be met with oil-fired steam 
and peaking units. 59 



Southeastern Electric Reliability 
Council (SERC) 



KENTUCKY 




MISSISSIPPI 



SERC is character- 
ized by a diverse fuel 
base which encour- 
ages heavy intrare- 
gional economy 
transfers as well as 
exchanges with in- 
terconnected sys- 
tems ir neighboring 
ECAR and SPP.^Re- 
gionwide, coal and 
nuclear plants ac- 
counted for 68 per- 
cent of 1984 installed capacity and 87 percent 
of total generation; 1993 projections call for con- 
tinuation of these patterns. 61 

Twenty-two percent of the capacity in SERC is 
oil- or gas-fired. While these plants accounted for 
only 7 percent of total generation in 1984, this 
pattern varies markedly, with Florida's installed 
oil/gas capacity exceeding levels in the other 
SERC subregions by a factor of 5 or more. 62 
Florida's reliance on oil and gas accounts for sub- 
stantial intraregional economy transfers from 
other members of SERC, although transmission 
capacity constraints are limiting otherwise desira- 
ble transfers from hydroelectric and coal-fired 
generators in Alabama and Georgia 63 

While Florida plans to decrease gas generation 
in 1993 to slightly less than 50 percent of 1984 
levels, oil generation is expected to increase by 
4 percent. The overall region is following a simi- 
lar but less pronounced pattern; gas generation 
as a percent of total electricity generation is ex- 
pected to decline by about 2 percent while oil 
generation increases about 1 percent. 64 Oil and 
gas costs and the availability of intraregional and 



M EIA, Interutility Bulk Powe r Transactions, op cit , 1983, NERC, 
14th Annual Review, op cit , 1984, and DOE, Electric Power Sup- 
ply and Demand for the Contiguous United States, 1984-1993, op 
at , 1984 



*°EIA, Interutility Bulk Power Transactions, op. cit , 1983 

61 NERC, 14th Annual Review, op cit., 1984 

62 Sixty-seven percent of 1984 installed capacity and 35 percent 
of total generation in Florida was oil- or gas-fired; by 1993, this is 
projected to decrease to 57 percent of capacity and 31 percent of 
generation. 

* J NERC„ 14th Annual Review, op cit , 1984, and EIA, Interutility 
Bulk Power Transactions, op cit , 1983 

wN'^KC, Electric Power Supply and Demand, 1984-1993, op. at., 
1984 
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interregional power will continue to be impor- 
tant factors affecting the relative economics of 
power supply alternatives in the region. 

Predicted average annual growth in summer 
peak demand varies between SERC subregions 
from 2.6 to 3.8 percent. Increased conservation 
and load management, changing demand pat- 
terns, increased construction costs, and the ad- 
dition of customer generation are cited by the 
council as reasons for canceling or deferring con- 
struction on five nuclear plants and five coal units. 
Current construction plans call for a 22 peu nt 
increase over 1 983 capacity levels by 1 993. This 
includes 23 coal units (avenge size 588 MW), 9 
nuclear units, 13 pumped storage facilities (aver- 
age size 207 MW), and 19 hydro units (average 
size 40 MW). 65 If all of these units are completed 
on schedule, reserve margins in the area appear 
more than adequate through the early 1 990s. As 
figure 7-3 illustrates, higher than expected de- 
mand growth (e.g., a national rate of 3.5 percent 
or more) could create potential capacity needs 
in the region and an opportunity for competitive 
new technologies. Assuming continued utility 
commitment to the plants now under construc- 
tion, lower than expected growth could have the 
opposite etfect. 

Southwest Power Pool (SPP) 

Average annual SPP 
peak demand growth 
predictions for SPP's 
three subregions for 
the 1985-93 plan- 
ning period range 
from 1.1 to 6.1 per- 
cent. Overall, the re- 
gion's 1984 generat- 
ing capability was 
predominately oil, 

gas, and coal, with oil and gas accounting for 55 
percent and coal accounting for 38 percent of 
installed capacity. The 1993 projections show oil 
and gas capability reduced »o 44 percent and coal 
increased to 41 percent. Installed nuclear capac- 
ity— 3 percent of total capability in 1984— is ex- 
pected to increase to 10 percent by 1993. 66 

6 *NERC, Nth Annual Review, op cit , 1984 
"NERC, Electric Power Supply and Demand, 1964-1993, op cit , 
1984 

ER?C 



MISSOURI 

/ 




Nt V MEXICO 



SPP joins SERC as one of the only regions pro- 
jecting an increase in reliance on oil for genera- 
tion (from 4 percent in 1 984 to 8 percent in 1 993). 
Actual and projected fuel reliance for electricity 
generation in the region emphasizes coal, gas, 
ard nuclear fuels, with coal increasing from 51 
percent in 1984 to 53 percent in 1993; gas de- 
creasing substantially, from 36 percent in 1984 
to 23 percent in 1 993; and nuclear doubling from 
7 percent in 1984 to 14 percent in 1993. 67 

Fuel reliance within SPP is variable between 
subregions, encouraging intraregional transfers 
from coal-reliant areas to those emphasizing oil 
or gas. Both the Southeast and West Central sub- 
regions are heavily reliant on oil and gas, al- 
though both plan to decrease capability and gen- 
eration from these fuels as a fraction of total 
capability and generation by the 1990s. 68 

Member utilities in SPP are planning to increase 
1993 installed capacity by 21 percent over 1983 
levels. As figure 7-3 shows, these plans leave re- 
serves above the 20 percent margin through 1993 
under all but the high national growth scenarios 
(i.e., 3.5 percent or more). The majority of these 
new plants are coal or lignite (10,200 MW), but 
more than half of them (about 6,000 MW) were 
only in the planning stage as of January 1 984. The 
remaining new plants are nuclear (5,700 MW) 
and peaking capacity (1,100 MW, mainly com- 
bustion turbines). If all of these plants are com- 
pleted on schedule, the region will still be de- 
pendent on gas and oil (i.e., 44 percent of total 
planned capacity for 1993). 69 Delays could cre- 
ate potential opportunities for new technologies. 



67 lbid.; and NERC, 14th Annual Review, op. cit., 1984 
"For exar pie, "3 K <?rcent of 1984 generating capability in the 
Southeast sub region was oil- or gas-fired; 46 percent of total gen- 
eration was from gas. In the West Central subregion, 51 percent 
of installed capability was oil or gas in 1984; 43 percent of total 
generation was from gas. By 1993, oil-ga» capability as a percent 
of total plant is expected to decrease to 56 percent in the South- 
east subreg*on and 42 percent in the West Central subregion, with 
generation from gas sources also decreasing. Dependence on oil 
generation, while small, is expected to increase in both 
subregions-from 11 to 1 7 percent in the Southeast, from 0.05 to 
1 .5 percent in the West Central. In contrast, the Northern subre- 
gion expects generation from gas to remain around 5 percent from 
1984 through 1993, with oil generation less than 1 percent; installed 
oil and gas capacity was 29 percent in 1984 and is projected at 
25 percent in 1993. From NERC, Electric Power Supply and De- 
mand, 1984-1993, op, cit., 1984. 
••NERC, 14th Annual Review, op. cit., 1984. 
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As a hedge against possible oil and gas avail- 
ability problems or price increases, member util- 
ities are installing (or planning to install by the 
early 1990s) several new transmission lines to take 
better advantage of available economy power 
transfers from SERC, ERCOT, MAPP, and WSCC. 70 
If new generating sources are needed, major fac- 
tors affecting their comparative economics will 
include the price and availability of oil and gas, 
the regulatory climate affecting the region's coal 
plants, and the degree to which the promising 
cogeneration resource in Louisiana (see table 7- 
7) has been tapped. 

Western Systems Coordinating Council 
(WSCC-U.S.) 

Of all the NERC 
regions, subregional 
differences in gener- 
ation mix are most 
pronounced in 
WSCC, where there 
are four separate 
power pools— the 
Northwest Power 
Pool, The Rocky 
Mountain Power 
Area, the Arizona- 
New Mexico Power 
Area (ANMPA), and 
the California-South- 
ern Nevada Power 
Area (CSNPA). 

Members of the Northwest Power Pool Area 
(NWPP) primarily rely on hydropower; by 1993 
they expect 62 percent of total generating capac- 
ity to be hydroelectric, 23 percent to be coal- 
fired, 9 percent to be nuclear, and less than 5 per- 
cent to be gas or oil. NWPP utilities expect grow- 
ing capacity contributions from cogeneration and 
small renewables, especially small hydroelectric 
plants owned by third parties. According to a 
recent NERC report, NWPP members are con- 
cerned that using power from these sources will 
require increased utility operating reserves to off- 
set "the unpredictability of the generation mag- 




nitude and the difficulty in monitoring the out- 
put since utilities have no authority regarding the 
dispatch of these resources." 71 (See chapter 3 for 
a discussion of these issues.) 

The planning projections for 1993 made by 
members of the Rocky Mountain Power Area 
(RMPA) continue the present emphasis on coal 
and hydroelectric sources, with gas and oil power 
accounting for about 8 percent of installed gen- 
erating capacity and nuclear accounting for less 
than 3 percent. The emphasis shifts away from 
hydropower in the WSCCs other subregions. For 
example, the ANMPA expects continued de- 
pendence on coal and oil-gas generation (respec- 
tively 51 percent and 28 percent of projected 
1993 installed capacity), with nuclear expected 
to supply about 16 percent. CSNPA remains the 
most heavily dependent on oil and gas of all the 
WSCC subregions, which helps to explain that 
area's continued encouragement of unconven- 
tional technologies through various State and util- 
ity commission policies. CSNPA member systems 
expect 41 percent of total 1993 generating ca- 
pacity to be oil and gas, 24 percent to be hydro- 
power, 13 percent to be nuclear, 1 1 percent to 
be coal, 5 percent to be geothermal, 4 percent 
to be cogeneration, and about 2 percent to be 
from other sources. 72 Recent trends in develop- 
ment of cogenerated power to be sold to Cali- 
fornia utilities may substantially diminish the mar- 
ket for power from other third party producers 
in the near term. 73 

Due to both generation mix differences and 
load diversity, there are high levels of intra- 
regional power transfers in WSCC, especially 
from regions rich in cheap hydroelectric or coal 
power to those relying on oil and gas. In particu- 
lar, when water supply permits, oil- and gas- 
dependent California imports hydropower rrom 
the NWPP. Coal-burning States (Utah, Wyoming, 
and Arizona) sell power to the Pacific Northwest 
when water supplies there are low. The South- 



70 lbid , and EIA, Interutihty Bulk Power Transactions, op cit , 
1983 



7, NERC, 14th Annual Review, op cit., 1984, p. 58. 

"NERC, Electric Power Supply and Demand, 1984-1993, op.cit., 
1984, and NERC, 14th Annual Review, op. cit., 1984 

"For example, as of April 1985, Texaco and Chevron were each 
proposing to erect 1 ,200 MW of cogeneration capacity in the heavy 
oil fields in Kern County (total projected capacity of 1200 MW). 
Source Burt Solomon, "Paradise Lost In California," The Energy 
Daily, vol. 13, No. 80, Apr 26, 1985. 
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western States in WSCC also import power from 
the Pacific Northwest when it is available. Con- 
struction plans are underway to improve trans- 
mission capability within WSCC itself as well as 
among it and SPP, MAPP, and MAAC to take bet- 
ter advantage of economy power transfers. ANMPA 
members are especially interested in maximizing 
use of available transmission facilities because 
they are capacity rich and financially dependent 
on selling surplus power to other WSCC mem- 
bers. Presently, ti ere are insufficient facilities in 
place to take full advantage of available economy 
power transfers; in particular, transmission capa- 
bility is insufficient to meet the demand for such 
transfers into the California-Southern Nevada sub- 
region and for transfers between the Rocky 
Mountain and Arizona-New Mexico subregion*. 74 

Predicted demand growth varies dramatically 
between WSCC subregions, with the predicted 
average annual increase in summer peak demand 
ranging from 1.9 percent (CSNPA) to 4.4 percent 
(ANMPA). If only 65 percent of the capacity pres- 
ently planned to come on line in 1993 (41 per- 
cent coal and 34 percent nuclear) is actually built, 
member utilities expect that, while some relia- 
bility criteria may not be met, overall resources 
will be adequate as long as demand does not in- 
crease faster than currently projected. 75 

Alaska Systems Coordinating Council 
(ASCC) 

Mo r t of Alaska's population (i.e., 75 percent) 
resides in the "Railbelt" area stretching between 
Sev,ard, Anchorage, and Fairbanks. Electricity in 
this region is provided primarily by indigenous 
natural gas, supplemented by coal, oil, and 
hydropower. The Railbelt is the only subregion 
interconnected by a common grid. If pending 
license applications with FERC for two hydro- 
power projects are approved (Bradley Lake- 90 
MW, and Susitna-- 1,600 MW), ASCC expects the 
subregion will have sufficient capacity to meet 
expected demand past the year 2000. 76 It is 



74 NERC, 14th Annual Review, op cit , 1984, and EIA, Interutihty 
Bulk Power Transactions, op cit , 1983 

75 NERC, J 4th Annual Review, op cit , 1984 

^Information provided to OTA by the Alaska Systems Coordi- 
nating Council (ASCC), a NERC affiliate, personal communication 
May 1985 



doubtful that capacity credits for alternative tech- 
nologies would be available in the near term un- 
der this scenario; the Railbelt's projected 1985 
peak is 717 MW; the 1990 peak is expected to 
be 918 MW. 77 

While the technical and environmental con- 
cern* surrounding the Susitna Project appear re- 
solved, its size and cost are controversial. In re- 
sponse, the State is proposing to build the project 
in stages, starting with 500 MW and eventually 
upgrading the facility to 1,600 ^.W. 78 FERC is not 
expected to make a licensing decision until some- 
time in 1986. 79 

The ASCC expects greater development of the 
Railbelt's indigenous coal reserves if Susitna is not 
approved, creating a potential opportunity for 
new coal technologies. In addition, there are 
pending applications for waivers of the Fuel Use 
Act's natural gas generation prohibitions to allow 
Railbelt utilities to take greater advantage of the 
State's natural gas reserves. 

Southeastern Alaska is served primarily by Fed- 
eral and State hydropower projects. The rest of 
the State— consisting of widely dispersed villages 
(the "bush")— obtains electricity from diesel- 
fueled generators. Access to many of these areas 
is difficult. The bush subregion appears to offer 
the best development potential for dispersed 
electric generating technologies in Alaska. Of the 
technologies considered in this report, wind tur- 
bines appear among the likeliest candidates. 
There also has been some development of photo- 
volta'cs (PV) in remote areas, and hybrid systems 
linking wind or FV with battery storage may prove 
attractive. For any new technologies considered 
for electricity generation in the bush, project eco- 
nomics will be strongly influenced by the Power 
Cost Equalization Program. 

Diesel fuel costs in the bush are high, result- 
ing in electricity costs of up to $1/kWh in some 
areas (e.g., where fuel has to be flown in). Elec- 
tricity costs from 35 to 50cents/kWh are typical. 
Under the Power Cost Equalization Program, 
these costs are subsidized by the State, so that 



"Ibid 
78 lbid 

"Vic Reinemer, "Electrifying Alaska," Public Power, November- 
December 1983, vol 41, No 6, pp 10-19 
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village residents pay only a small fraction (in some 
instances, less than 9 cents/kWh for the first 750 
kWh used each month) of the pioduction cost 
of electricity. 80 The program is funded by royal- 
ties from oil sales. 81 

Outside of the comparative cost issues raised 
by present implementation of this cost equaliza- 
tion program, the main constraint on extensive 
wind development appears to be the absence of 
a grid allowing power transfers among villages 
and from dispersed sources to the State's major 
load centers. Obtaining third-party financing for 
small facilities could also be a problem, although 
the State has shown willingness to help facilitate 
new projects. 82 

Technical issues affecting wind development 
in the State include the substandard installation 
of many of the village diesel generator systems 
(e.g., s/stems with transmission lines running on 
the ground covered with wood boxes and/or 
generators housed in plywood structures suscep- 
tible to fire). 83 Gaining access to remote areas for 
construction and/or maintenance could also be 
a problem 84 for wind as well as any other tech- 
nology. 

The Alaska wind resource is especially attrac- 
tive along the coast. The solar resource is strong 
but subject to extreme seasonal variation: in late 
winter, daylight is only available for 4 hours; in 
midsummer, light is available tor about 20 hours. 
Geothermal resources are available on the Aleu- 
tian Islands, but thee is no power transfer capa- 
bility, either existing or planned, to transfer elec- 
tricity from this area to the State's load centers, 
making substantial development of this resource 
for electricity generation unlikely. 



■opor the first 750 kWh used each month, the State picks up any 
additional charge above 8 5 cents, and below 52 cents, per kWh 
Source Information provided to OTA by Kinetic Energy Systems, 
an energy firm in Anchorage, AK personal communication, May 
1985 

•'Information provided to OTA by Polarconsult, an energy tech- 
nology consulting firm in Anchorage, AK, personal communica- 
tion, May 1985 

82 lbid 

8J lbid 

•"Information provided to OTA by Independent Energy Produc- 
er*, a Calnorma-based alternative technology trade association, per- 
sonal communication, May 1985 



Hawaii 

The State of Hawaii is a chain of islands in the 
Hawaiian Archipelago. Most of the State's busi- 
nesses and residents are on Oahu in or near Hon- 
olulu, the State capital. Oahu accounts for about 
80 percent of Hawaii's peak electricity demand. 

The State is served by a handful of investor- 
owned electric utilities relying almost exclusively 
on oil-fired capacity (99 percent of utility-owned 
generation in 1983 was oil-fired). 85 This genera- 
tion is supplemented by seasonal purchases from 
third-party producers, most of which are sugar 
processing facilities cogenerating electricity from 
boilers fueled with bagasse, the pulpy residue 
from processing sugar. 86 Sugar is the State's main 
agricultural crop. 87 For approximately 48 weeks 
each year, firm power contracts from bagasse- 
fired cogeneration provide about 20 MW on the 
Big Island (expected 1985 peak demand for the 
island: 99 MW), 20 MW on Maui (expected peak 
demand: about 102 MW), and 15 MW on Kauai 
(expected peak demand: 40 MW). Oahu, with 
an approximate peak demand of 949 MW, has 
no power from these sources. 88 

Power contributions from sugar processors are 
not expected to increase substantially over the 
next decade due to economic uncertainties in the 
industry. 89 Significant increases in power contri- 
butions from other biomass fuels are not ex- 
pected. 90 

While the islands are too new geologically to 
have indigenous fossil fuels and there are no 
known offshore oil reserves nearby, Hawaii has 
abundant renewable and geothermal resources. 
A recent study predicts that, by 2005, indigenous 



85 Edison Electric institute (EEl), Statistical Yearbook of the Elec- 
tric Utility Industry/1983 (Washington, DC EEl, 1984). 

w Many sugar plantations also generate hydroelectric power, but 
this is used mainly onsite for irrigation 

87 The sugar industry accounts for 80 percent of the jobs on the 
neighbor islands to Oahu Source Hawaii Integrated E nergy Assess- 
ment (HlEA), vol I, prepared for U S Department of Energy by 
the Department of Planning and Economic Development, State of 
Hawaii; and Lawrence Berkeley Laboratory, University of Califor- 
nia at Berkeley, june 1981 

M These peak demand figures are estimates for 1985 provided to 
OTA by the Hawaiian Electric Power Co , Inc , in |une 1985 

^Information provided to OTA by the Hawaiian Electric Power 
Co , Inc , Ma> 1985 

*> HlEA, op cit , 1981 
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renewable resources could provide 90 percent 
of the island's electricity; each county has devel- 
oped an energy plan aimed at decreasing depen- 
dence on imported fuels within cost and envi- 
ronmental constraints 91 

The State's solar resource is strong and con- 
sistent; the average insolation rate is higher than 
that of the mainland United States and there is 
also less seasonal variation. 92 Hawaii's wind re- 
source is similarly promising; the northeast trade 
winds blowing across the islands offer one .'the 
most consistent wind regimes in the worlu. Ha- 
waiian Electric Renewable Systems, Inc., 93 is in- 
stalling fifteen 625-kW wind turbines on Oahu; 
these are scheduled to come on line by the end 
of 1 985. There are also about 3 MW of wind ca- 
pacity operating intermittently on the Big island 
of Hawaii. 94 The State may also be the site of a 
DOE demonstration project for a multi-megawatt 
wind turbine (MOD-5B). 

Most of Hawaii's energy resources are located 
far from the Oahu load center. High-temperature 
geothermal reserves are a case in point: the Puna 
resource on the Big Island of Hawaii is consid- 
ered extensive enough to fulfill most of the State's 
power needs for decades to come. 95 However, 
presently there is no means of transferring power 
from the Big Island to Oahu. This lack of trans- 
mission capability is the single biggest impedi- 
ment to development of the islands' indigenous 
energy resources. 

Development of an interconnected power 
transfer system hinges on successful design and 
installation of an undersea transmission cable ca- 
pable of withstanding greater pressures, and ex- 
tending greater distances, than has been at- 
tempted before. To date, submarine cables have 
not been installed below a depth of 1,800 feet 
and the longest distance a submerged cable has 



9, lbid 

9 'john W Shupe, "Energy Self-Sufficiency for Hawaii/' Science, 
vol 216, june 11, 1982, pp 1193-1199 

9, A subsidiary of Hawaiian Electric Power Co s parent company, 
Hawaiian Electric Industries 

"Information provided to OTA by Hawaiian Electric Power Co 
Inc , May 1985 

9S H/£/Wop cit, 1981, p 41) estimates the Puna resource at 100 
to 3,000 MW centuries, other sources estimate it at 1,000 to 5,000 
MW (information provided to OTA by Hawaiian Electric Power Co 
Inc , May 1985) 



covered is 80 miles. A cable linking Hawaii with 
Oahu would be submerged in a 150-mile wide, 
7,000-foot deep channel (the Alenuihaha Chan- 
nel). 96 One source estimates construction costs 
at anywhere between $250 and $600 million; this 
excludes the cost of research and development, 
which has been funded primarily by Federal 
sources. 97 Whether or not the cable will ulti- 
mately prove feasible, or affordable, has not been 
demonstrated. The research phase is expected 
to be finished in the late 1980s. 98 

Hawaii's dependence on imported fuel pro- 
vides a strong incentive to develop its energy re- 
sources. 99 Solar, wind, and geothermal technol- 
ogies are the most likely to be extensively 
developed; 100 batteries or fuel cells might offer 
some advantages but might be seen as undesir- 
able if they continued the State's dependence on 
shipped-in fuels or materials. Sv itching to coal- 
fired technologies currently is unlikely given the 
land requirements for solid waste disposal, the 
resulting air quality impacts, and the lack of in- 
digenous coal resources. 

Load management is not a particularly attrac- 
tive option for Hawaiian utilities since there is lit- 
tle incremental cost difference between their oil- 
fired generating units and there are no opportu- 
nities for off-peak, lower cost power purchases 
from neighboring facilities. System load factors 
have continued to improve since 1979, however, 
due to decreased electricity demand. 101 Load 
growth is expected to be minimal on Oahu; the 



*>HIEA, op. cit , 1981 

"Information pre /ided to OTA by the Hawaiian Electric Power 
Co, Inc, May 1985 

98 Cable feasibility studies are progressing; a tentative cable de- 
sign has been selected test protocol are being developed, and the 
requirements of handling line installation and maintenance at sea 
are being studied 

"As of 1984, the State's average residential electncity rates were 
the highest in the United States (i.e , 1 1 .4 cents/kWh based on 750 
kWh) Energy Information Administration, Typical Electric Bills, Jan- 
uary 1, 1964 (Washington, DC- U.S. Department of Energy, De- 
cember 1984), DOE/EIA-0040(84). Residential rates vary substan- 
tially between the islands; eg., in 1982 electricity cost were 11.4 
cents/kWh in Honolulu (Oahu), while rates on Molokai were more 
than 19 cents/kWh (Shupe, op. cit., 1982) 

,00 Potential contributions from OTEC systems may be substan- 
tial in the long run, but the technical and economic issues associ- 
ate* ' with this technology make it an unlikely candidate for devel- 
opment in the 1990s 

,0 ' Information provided to OTA by the Hawaiian Electric Power 
Co , Inc., May 1985 
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neighboring islands may experience 2 to 5 per- 
cent annual growth, but this is from very small 
peak demand levels to begin with. 102 

The Stale's economy is heavily dependent on 
tourism and agriculture. Land values are at a 
premium, and Hawaii has strict zoning laws to 
protect its agricultural and recreational lands. 103 

,02 Estimates provided to OTA by the Hawaiian Electric Power Co , 
Inc , May, 1985 
l0i HIEA, op cit , 1981 



Development of the land-intensive solar and wind 
technologies to meet the State's electric power 
needs will definitely be affected by these factors. 
But the lack of transmission capacity between the 
islands poses the most immediate impediment to 
substantial development. 



SUMMARY OF MAJOR REGIONAL ISSUES 



Demand Uncertainty 

Future electricity demand and the inherent un- 
certainty associated with estimating it are two of 
the most important factors affecting utility choices 
between electricity supply options. Predicted 
electricity demand growth rates differ dramati- 
cally within and among regions, and unantici- 
pated changes in these predictions could substan- 
tially affect both overall system reliability and the 
need for new generating capacity. Traditional 
reliability measures such as generating reserve 
margins are very sensitive to demand predictions. 
This sensitivity is especially high in regions where 
substantial numbers of new coal and nuclear 
plants are under construction. In the long run, 
consumer reaction to the cumulative "rate 
shock" associated with bringing such large plants 
into the ratebase may increase utility commission 
actions encouraging greater reliance on alterna- 
tive supply options. 

The 1993 capacity levels in four NERC regions 
are expected to exceed 1 983 levels by more than 
20 percent; for three of these regions— ERCOT, 
MAIN, and SPP — this entails an increase of more 
than 75 percent in installed nuclear capacity. The 
oil-dependent NPCC region will be increasing its 
coal capability by similar percentages, although 
its overall capability increase over 1983 levels will 
be below 20 percent. If demand increases faster 
than predicted and construction delays occur, re- 
serve margins in some of these regions may be 
adversely affected. If demand growth predictions 
have been overestimated, construction plans may 

ERIC 



have to be altered, with uncertain effects on the 
financial status of the utilities affected. 

Present and Projected Fuel Reliance 

Capacity needs and the relative attractiveness 
of available supply options are also strongly in- 
fluenced by regional fuel and technology reli- 
ance, since these plant characteristics generally 
establish the benchmarks for technology cost 
comparisons. While most systems with substan- 
tial oil and gas capacity are expected to decrease 
use of these fuels over the next decade, reliance 
on premium fuels is expected to be strong enough 
in ERCOT, MAAC, NPCC, and some subregions 
of SERC, SPP, and WSCC that the economics of 
competing technologies will remain very senii- 
tive to the price and availability of oil and gas. 104 
This will apply even more strongly in the Florida 
subregion of SERC, the Southeast subregion of 
SPP, and the Arizona-New Mexico subregion of 
WSCC where, due to predictions of high demand 
growth and continued decreases in (or stabiliza- 
tion of) oil prices, reliability councils are forecast- 
ing increased dependence on oil. Regions charac- 
terized by heavy reliance on coal or nuclear 
power will be vulnerable to changes in present 
environmental regulations; the ultimate effect of 
regulatory changes will vary between utility sys- 
tems and may create the need for additional 
power sources in some areas. 



,04 These fuel reliance projections are from NERC, Electric Power 
Supply and Demand, 1984-1993, op cit , 1984 
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Plant Life Extension 

Over the next several decades, the age of ex- 
isting generating facilities is likely to influence the 
need for new capacity because construction may 
be deferred if scheduled retirement of aging pow- 
erplants can be delayed by plant rehabilitation 
or efficiency improvements. Deferral prospects 
vary considerably by region. By 1995, approxi- 
mately 40 percent of the fossil steam generating 
plants in MAIN, NPCC, and WSCC will be over 
30 years old; many of these plants may be prom- 
ising candidates for life extension. In terms of total 
installed capacity, the opportunities for life ex- 
tension will be greatest in ECAR, SERC, SPP, and 
WSCC. In all regions, the degree to which this 
option is exercised will be heavily influenced by 
the comparative economics of other supply alter- 
natives. 



Other Key Variables 

Opportunities for increased economy power 
transfers between and within regions are found 
to be attractive to a majority of utilities, but ex- 
isting and planned transmission capacity will limit 
these transfers 

The potential forcogeneration tends to be Stat^ 
specific; opportunities are proving particularly 
strong in the Gulf States, e.g., Texas and Loui- 



siana, and in California. These systems will often 
be in direct competition with the new technol- 
ogies considered in this assessment. 

Load management appears attractive in all re- 
gions, although peak reduction in oil-dependent 
systems could prove counterproductive in the 
long run if it defers replacement of costly peak- 
ing units. 

Conservation is similarly attractive, although the 
resource is both difficult to define and tap com- 
pletely. 

Land and/or energy resource availability con- 
straints are expected to limit development of geo- 
thermal, wind and solar technologies in some 
regions. 

Utility economic and financial characteristics 
are so variable within as well as among regions 
that no clear regional generalizations are drawn. 

Generalizations about regional regulatory char- 
acteristics prove similarly difficult, although the 
policies of some innovative utilities commissions 
are creating more favorable environments for 
new technologies than might otherwise be the 
case in their jurisdictions. In addition, given sit- 
ing experiences to date, it seems reasonable to 
expect that developers of new technologies may 
experience permitting delays as localities adjust 
the regulatory process to accommodate new 
electric generating systems. 
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Chapter 8 

Conventional v. Alternative Technologies: 
Utility and Nonutility Decisions 



INTRODUCTION 



Deployment of the technologies addressed in 
this assessment in the 1990s hinges on investment 
decisions made by both electric utilities and non- 
utility power producers. They are the primary 
(and in some cases, the only) markets for these 
new technologies. Their investment decisions will 
determine the future commercial viability of the 
technologies. Investment in these technologies 
will only occur if they can compete with exist- 
ing electricity-generating technologies. In addi- 
tion, the new technologies will have to compete 
amongst themselves for limited sources of capital. 



This chapter focuses primarily on the process 
of technology choice by utilities and nonutility 
entities, and the relative economics of the vari- 
ous new generating technologies. The first and 
second sections discuss these issues for utilities 
and nonutilities. The third section provides cross- 
technology comparisons on issues concerning 
deployment, environmental impact, and ease of 
siting. Emphasis in the latter section will be on 
the nonquantifiable issues which cannot be ad- 
dressed in cost and profitability calculations. 



UTILITY INVESTMENT IN POWER GENERATION 



Overview 

Electric utilities in the United States are regu- 
lated to meet customer electricity demands at all 
times with reliable and reasonable cost power. 
If customer demand increases, sufficient gener- 
ating capacit> must be available. Utility planners 
attempt to examine all options available to them 
to meet this demand; traditionally, the least cost 
option— or at least what was thought to be least 
cost— has been the preferred option. Recent de- 
mand and operating cost uncertainties have 
forced the consideration of other investment cri- 
teria, e.g., financial health, and has complicated 
the traditional decisionmaking process. This sec- 
tion focuses on electric utility decisionmaking 
and, using the methodology of the utility deci- 
sionmaking process, compares new technologies 
and load management with traditional utility op- 
tions such as conventional pulverized coal-fired 
plants and utility-owned combustion turbines. 



Utility Decisionmaking 

Electric utilities operate under a different set of 
decision rules and constraints than other busi- 
nesses (see box 8Afora brief description). In re- 
turn for the privilege to operate as a monopoly, 
investor-owned electric utilities are subject to 
government regulation of prices, profits, and serv- 
ice quality. 1 Because of this regulation, utilities 
cannot maximize profit. For example, a utility 
must install added capacity to meet increased de- 



1 Publicly owned utilities are also subject to governmental con- 
trol and oversight of utility operations and finances The source of 
control can be municipal government, local entities, or the Fed- 
eral Government Since investor-owned utilities (IOU) account for 
the majority of U S energy sales to ultimate customers (76 
percent— see table 7-1), emphasis will be placed on IOU decision- 
making. Moreover, many publicly owned utilities, primarily 
municipally owned utilities, are distribution-only utilities and do 
not invest in powerplants. Nevertheless, these municipal utilities 
will be very interested in demand side alternatives, e g , load man- 
agement 
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and, even though it may decrease profits. 2 Elec- 
tric utilities have a legal obligation 10 serve all the 
demand of their cusK ,.iers at any time. 3 Utilities 
normally construct enough extra capacity to pro- 
vide a reserve margin against the possibility of 



J G R Corey, "Plant Investment Decision Making in the Electric 
Power Industry," Discounting for Time and Risk in Energy Policy, 
Robert C Lind (ed ) (Baltimore, MD Resources for the Future/Johns 
Hopkins, 1982), pp 377-403 

J Garfieid and Lovejoy provide a good summary of this obliga- 
tion "public utilities are further distinguished from other sectors 
of business by the legal requirement to serve every financially re- 
sponsible customer in their service areas, at reasonable rates, and 
without unjust discrimination " (P J Garfield and W F Lovejoy, 
Public Utility Economics (Cnglewood Cliffs, NJ Prentice-Hall, 1964), 
P 1 
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being unable to serve customei load if a gener- 
ating unit fails. 

Utility decisionmakers also have obligations: 1) 
to ratepayers to minimize their rate burden over 
time, and 2) to their sto:kholders to maximize 
the utilities' financial hea'ch. The accepted means 
of accomplishing this is to minimize costs within 
reliability, regulatory, environmental, and finan- 
cial constraints. 4 

Utility Planning Process 

Electric utility decisionmaking on new plants 
is a four-step process: load forecasting, genera- 
tion planning, transmission planning, and distri- 
bution planning. Table 8-1 lists the different char- 
acteristics of these power planning functions. Thtr 
first step, load forecasting, determines the need 
for additional plants. Typical forecasting tech- 
niques include time series analysis, econometric 
modeling, and end-use models. In the past, util- 
ities could rely on simple fend analysis to project 
future demand based on past growth rates, e.g., 
7 percent a year. Recent unpredictable demand 
growth, however, has made this method unde- 
pendable and more sophisticated methods are 
gaining wider acceptance. 

Generation planning focuses on two important 
questions: the capacity needed for adequate re- 
serve margins and the mix of capacity needed for 
least cost operation. Capacity expansion models 
are used to examine possible generation alterna- 
tives and to determine the least costly mix of fu- 
ture generation additions. Next, the operation 
costs and reliability of this generation mix are ex- 
amined. Finally, the impact of the candidate ca- 
pacity plan on the utility's financial position is 
assessed. These modeling and analysis functions 
often rely on complex optimization and simula- 
tion models. 5 Transmission and distribution plan- 

4 A large body of economics literature is devoted to the incen- 
tive (or lack of incentive) for cost minimization under rate of re- 
turn regulation The seminal piece by H. Averch and L. Johnson 
(H Averch and L Johnson, "Behavior of the Firm Under Regula- 
tory Constraint," Amencan Economic Review, vol 52, No. 6, 1962, 
pp 1053-1069) argues that rate-ofreturn regulation provides an op- 
posite incentive towards capital maximization. 

5 Cood reviews of generation planning models have been done 
by S. Lee, et al. (S. Lee, et al , Comparative Analysis of Generation 
Planning Models for Application to Regional Power System Plan- 
ning (Palo Alto, CA: System Control, Inc , 1978), and D. Anderson 
(D Anderson, "Models for Determining Least Cost Investment in 
Electricity Supply," Bell Journal of Economics, vol. 3, spring 1972). 
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Table 8-1. —Typical Power Planning Functions 



Tasks 



Primary considerations 



Data requirements 



Major outputs 
and objectives 



Typical plan 
horizon 



Load fomenting: 

• Energy forecast 

• Peak demand 



Qanaratlon planning: 

• Capacity studies 

• Production costing 

• Investment analysis 

• Siting studies 



Transmission planning: 

• Load flow studies 

• Stability studies 



station planning. 

^ .jstation 
Major distribution 



Changing weather 
patterns 

Short/long-term trends in 
national/local economic 
variables 

Changes in energy 
consumption patterns 
from 

— Load management 
—Conservation 
—New technologies 



System reliability 
Pool requirements 
New energy conversion 
technologiesVcosts 
Capital availabilif. 
Regulatory requirements 



System reliability 
Changes in major load 
center locations 
Interconnection 
requirements 

Changes in service area 
growth patterns 



1 Historical consumption 
data 

Weather data 
Economic data 
— GNP 

— Employment 

— Many others 
Appliance use data 



Peak load 

Energy sales 

Capital/equipment costs 

Equipment operating and 

maintenan'- 

charactr .sties 

Fuel costs 

Cc. instruction cost "S" 
curves (expenditure 
patterns) 

Energy sources 
Load flows 
Load stability 



Load growth by area 
New developments 
Major industrial 
customers 



Short 0-1 year 
intermediate 1-5 

years 
Long 10-30 years 



Short- and Intermediate- 
range energy forecasts 
for cash management, 
financial planning, 
construction planning, 
and distribution planning 
Long-range energy sales 
forecast for use In 
Selecting generation 
equipment mix, timing, 
and characteristics 
Short and intermediate 
peak demand forecast 
for interconnection/ 
purchase power 
requirements 
Long-term peak *»mand 
forecasts 

Selection of site size, 
timing, and energy 
conversion technology 
for energy supply 
Location of facility 



Location, size, and 2-10 years 

timing of transmission 
facilities to support 
system needs 

Location, size, and 1-3 years 

timing of new substation 
and major distribution 
lines 



10-30 years 



SOOHCe Theodora Ba'ry & Associates, A Study of the Electnc Utility industry (Los Angeles, CA Theodore Berry & Associates, 1980) 



ning activities are used to assure system adequacy 
and reliability given projected demand and gen- 
eration facility location. 

In the past, this planning process was straight- 
forward—electric demands could be predicted 
accurately and generation planning was not un- 
duly hampered by financial and environmental 
constraints. The situation is now considerably 
changed. A survey of electric utility executives 6 
indicates that the following major changes have 
affected their planning function the most in re- 
cent years: unpredictable demand growth, longer 
lead-times, and uncertain technology costs. 
Chapter 3 discusses these changes in depth. 

^Theodore Barry & Associates, A Study of the U S Electnc Util- 
ity Industry (Los Angeles, CA Theodore Barry & Associates, 1980) 
p IV-6 



These new factors have complicated the util- 
ity planping process. Utilities are required by Fed- 
eral statutes, regulatory commissions, consumers, 
and stockholders to investigate all the possible 
costs and consequences, e.g., environmental im- 
pacts, of a generation alternative prior to invest- 
ment. Consideration of many of these factors has 
been incorporated into structured regulatory pro- 
ceedings like powerplant siting, but many of the 
issues and consequences can only be included 
in utility decisionmaking through judgments 
made by utility executives and planners. The cur- 
rent inactivity in new plant construction start-ups 
is due in part to the reluctance of utility decision- 
makers to make these judgments. These factors 
are discussed in greater detail in subsection en- 
titled Required Project Characteristics. 
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Comparative Analysis 

As mentioned earlier, unlike unregulated firms, 
utilities have not based their investment decisions 
strictly on profit maximization Instead, they have 
traditionally examined all available 7 means of 
meeting customer demand (both generation and 
demand-side options) and then selected the alter- 
native that is least costly in terms of the revenue 
required from the consumers. This comparison 
approach, known as the minimum revenue re- 
quirement approach, is derived from standard 
utility rate-making techniques (see box 8B). It has 
been used throughout the industry. 8 One recent 
survev indicated that 91 percent of investor- 
owned electric and combination electric and gas 
systems used a minimum revenue requirement 
approach. 9 

In this analysis, the comparative costs of the 
new technologies and of the conventional alter- 
natives were arrived at by applyingthe minimum 
revenue requirement concept to each investment 
alternative and then deriving its levelized cost. 
OTA staff developed a cost analysis model using 
standard utility accounting and investment de- 
cision methodologies for comparison purposes. 10 
This model projects yearly revenue requirements, 
i.e., costs, taxes, and allowed rate of return, for 
the expected life of a new plant. Levelized costs 
in cents per kilowatt-hour are derived from this 
revenue requirement stream, and form the basis 
of cross-technology cost comparisons. (Aopen- 
dix 8A discusses the levelized cost estimation in 
much greater detail.) 



'"Available" in this context refers to thr technologies utilities per- 
ceive as being able to meet their needs The utility planners may 
feel that adequate information on a technology or commercial dem- 
onstrations are not sufficiently available for new technologies, and 
will not consider the technology 

•Publicly owned utilities perform a similar comparison The com- 
ponents of revenue requirement will be different— reflecting fac- 
tors such as rate of return 

9 G R Corey, "Plant Investment Decision Making in the Electric 
Power Industry/' op cit , 1982 

10 The analysis structure used to develop the OTA model was de- 
rived from the techniques used by Philadelphia Electric Co 's Rates 
Division (Philadelphia Electric Co , Engineering Economics Course 
(Philadelphia, PA Philadelphia Electric Co., Rates Division, Finance 
and Accounting Department, January 1980), p 2-2 ) 




Basic Assumptions 

In order to compare different technologies on 
a consistent basis, several assumptions had to be 
made. The technologies considered for util'ty in- 
vestment were assumed to be electric-only tech- 
nologies—no cogeneration technologies were 
considered. Cost estimates calculated in this 
model were made on a constant dollar (1983) ba- 
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Figure 8-1.— Technology Cost Range: Utility Ownership— West 
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"Levels J busbar cost under most likely cost and performance scenario 

SOURCE Office of Technology Assessment 



sis. This allows the comparison of technologies 
with different reference years, lead-times, and life- 
times. Figure 8-1 lists the basic parameters that 
are assumed not to vary across technologies. 
Later in this section, the sensitivity of the costs 
to changes in these parameters will be addressed. 

For the basic cost comparison, the technologies 
were examined fcr three scenarios: worst case, 
most likely case, and best case. These scenarios 
were derived from the parameter ranges included 
in the cost and performance projections devel- 



oped in chapters 4 and 5. The worst case sce- 
nario incorporates the "worst" (most pessimis- 
tic) values for each parameter, while the best case 
uses the "best" (most optimistic) values. For ex- 
ample, the worst case uses the high end of the 
capital cost range, but uses the low end of the 
capacity factor range. In addition, the worst case 
scenario assumes little improvement in current 
technology conditions. Comparison of the worst 
and best case scenarios provides a range of level- 
ized costs. The most-likely case numbers repre- 
sent OTA's best estimates of future utility costs. 
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Cross-Technology Cost Comparison 

The results of the comparative cost analysis are 
shown in figure 8-1. Cosb for pulverized coal- 
fired plants, combustion turbines, and coal plant 
life extension were included for comparison 
purposes. 

One of the striking features of the results shown 
in figure 8-1 is the wide cost ranges for solar 
photovoltaics and fuel cells. Both of these tech- 
nologies are currently in early stages of develop- 
ment relative to the other technologies in the fig- 
ure and are currently not competitive with other 
technologies. Nevertheless, as figure 8-1 shows, 
these technologies have the potential of signifi- 
cant cost reductions, and they could compete 
with peaking technologies, e.g., combustion tur- 
bines, or even base load technologies. To be- 
come competitive, however, they must be de- 
ployed in significant numbers, and important 
research, development, and deployment ques- 
tions must be resolved (ree chapter 4). 

Comparison of the new base load technologies— 
geothermal, atmospheric fluidized-bed combus- 
tors (AFBC), and integrated coa' gasification/com- 
bined-cycle (IGCQ— with the primary conven- 
tional alternatives— pulverized coal-fired plan*> 
with flue gas desulfurization (FGD) and existing 
coal plant life extension— indicates that all of 
these new technologies are likely to be competi- 
tive with current technology in the 1990s. Fig- 
ure 8-2 shows levelized costs for each of these 
technologies under the most likely case The c e 
results indicate that coal powerplant betterment 
is the cheapest source of base load power. 
Among the new technologies, ^CC appears to 
be the best competitor followed by APBC. The 
competitiveness of th^se new "clean coal" tech- 
nologies is important because both pro r uce less 
negative environmental impacts than conven- 
tional coal-burning technologies. The potentially 
attractive economics of the plant betterment op- 
tion, however, could lead to exteHed use of old, 
dirtier coal plants, many without scrubbers. Geo- 
thermal plants are also attractive in terms of com- 
parative cost, but the site-specific nature of geo- 
thermal power will probably limit widespread 
deployment. 



Figure 8-2.- Base Load Technology Costs: Utility 
Ownership— West 
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The new, intermittent, and peaking technol- 
ogies addressed in this assessment are also ex- 
pected to compete favorably with current tech- 
nologies in the 1990s. Figure 8-3 shows the most 
likely-case costs for solar thermal electric, solar 
photovoltaics, wind, fuel cells, battery storage, 
and compressed air energy storage (CAES), as 
well as the most 'ikely costs for combustion tur- 
bine powerplants. Wind power from utility-owned 
small turbines (<400 kW) in wind farms shows 
the lowest cost among the new generation tech- 
nologies. The expected future levelized cost of 
wind technology is significantly lower than the 
other non-base load technologies. Wind also has 
the potential of competing with the base load 
technologies (see figure 8-2). The relatively low 
cost estimates for the storage technologies indi- 
cate that these technologies could compete fa- 
vorablv with peaking technologies to satisfy peak 
electric loads. 

Sensitivity to Uncertainty 

Despite the optimism reflected in the cross- 
technology comparison, the projections of these 
future costs for the new technologies are subject 
to a great deal of uncertainty. This uncertainty 
is reflected in the levelized cost ranges in figure 
8-1 . Several of the technologies— solar photovol- 
taics, wind and fuel cells— show particularly wide 
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Figure 8-3.— Peaking/Intermittent Technology Costs: 
Utility Ownership— West 
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cost ranges. Unless resolved, this uncertainty, and 
the investment risk it represents, will probably 
hamper widespread deployment of many new 
technologies well into the 1990s. 

A sensitivity analysis was performed for each 
technology considered in this assessment. This 
analysis highlights the most sensitive parameters 
and provides insight into the technological de- 
velopments that could produce the most im- 
provement in future cost and performance. The 
sensitivity of a technology's levelized cost to 
changes in key parameters— capital cost, opera- 
tion and maintenance (O&M) cost, capacity fac- 
tor, dr d fuel cost— was tested by varying each pa- 
rameter above and below the base case estimate 
by 25 percent. This analysis indicates, for exam- 
ple, that a 10-percent increase in wind farm cap- 
ital cost could cause our most likely estimate of 
utility levelized costs to increase 1.5 cents/kWh 
or about 21 percent. 

In general, the results of sensitivity analyses for 
all the technologies indicate that the three most 
critical parameters are capital cost, capacity fac- 
tor, and fuel cost. The capacity factor is the most 
critical parameter for electric utility operation. 
Fuel costs were also very important for nonsolar 
technologies, but capacity factor consistently pro- 
duced the largest variations in levelized costs. A 
somewhat surprising result from the analysis was 



that capital cost changes do not produce as much 
variation as these other parameters. Nevertheless, 
the relative importance of each of these param- 
eters varies according to duty cycle, heat rate, 
and capital intensiveness. For example, fuel costs 
are the most sensitive parameter for combustion 
turbines, but capacity factor is more important 
for fuel cells. This is because of the lower capital 
costs and higher heat rates of combustion 
turbines. 

A possible explanation for the relative impor- 
tance of capacity factor vis-a-vis capital cost is 
found by examining the levelized cost formula. 11 
The numerator of the formula is the levelized an- 
nual revenue requirement. The denominator is 
average kilowatt-hour production. Increases in 
capacity factor will directly increase electricity 
production and reduce levelized costs. Capital 
costs are recovered through economic depreci- 
ation over a number of years (15 years under 
present tax law). The levelization calculation dis- 
counts the depreciation costs more in later years 
than in early years. Thus, changes in initial capi- 
tal cost do not produce as significant and direct 
an effect. This suggests that utilities are likely to 
continue to be very concerned with the availabil- 
ity and reliability of future generating options 
since these factors cause significant levelized life- 
cycle cost uncertainty. 

Utility Strategic Options 

Most utilities have put off decisions on new, 
large coal or nuclear plants. To commit large 
sums of capital to such long lead-time projects 
in the highly uncertain investment environment 
which has prevailed in this industry since the 
1970s, they think, is too financially risky. Instead, 
many utilities are considering a variety of strate- 
gic options that will defer the need for such large- 
scale commitments. Chapters 3 and 5 discuss 
these options in detail. The discussion that fol- 
lows focuses primarily on three of these options, 
namely life extension and rehabilitation of exist- 
ing generating facilities, increased reliance on 
load management, and construction of small 
modular plants. 



"The general form of the levelized cost formula is 
levelized annual revenue requirement 
average annual electricity production 
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Plant betterment— i.e., life extension and re- 
habilitation of existing generating facilities— is a 
way to defer new generation investment. The ca- 
pacity base for this option is sizable— by the year 
2000, nearly a third of the existing U.S. fossil gen- 
erating capacity will be more than 30 years old. 
In addition, the capital investment required— 
$200 to $800/kW-is relatively small. The attrac- 
tiveness of this option is partially explained by 
its low expected level ized cost. As can be seen 
in figure 8-2, the expected costs of existing coal 
plant betterment are lower than both conven- 
tional and new base load generating technol- 
ogies. Moreover, figure 8-4 shows that capital cost 
levels for life extension up to $1 ,500/kW can pro- 
duce lower cost power than conventional pul- 
verized coal plants with FGD, or an IGCC plant. 
Additional OTA modeling efforts 12 using EPRI Re- 
gional Svstems data 13 indicate that at the system 
level, at least in the Southeast, fossil life exten- 
sion (coal, oil, and gas-tired units) could produce 
overall utility system revenue requirements 14 as 
much as 5 percent lower than a capacity expan- 
sion plan based on large unit construction (the 
base case) to meet the same load. Nevertheless, 
the results also indicate that focusing plant bet- 
terment activity solely on oil and gas units could 
produce higher revenue requirements than the 
base case. 15 

Load management is the other primary non- 
generation option available to utilities. Its prin- 
cipal goals are to permit a higher proportion of 
demand to be served by lower cost electricity 
(from base load sources) and to defer the need 
tor new generating capacity. There is the poten- 



U A state-ot-the-art utility simulation model, the Utility System 
Analysis Model (USAM) by Lotus Consulting Co , was used for this 
analyse 

u Ele(tnc Power Research Institute, The EPRI Regional Systems 
(Palo Alto, CA Electric Power Research Institute, July 1981), EPRI 
P-1950--)R The load *nd system data used by OTA were the basic 
EPRI typical utility data sets that were modified by Lotus Consult- 
ing Co to include plant additions 

M This value refers to a levehzation of the utility system revenue 
requirements (using a 5 percent discount rate) over the 10-year 
period between 1990 and 2000 

,s The assumptions used in this analysis were 1) all plants which 
are 25 to 35 years old in 1985 through 2000 will have their life ex- 
tended, 2) plant efficiency is increased by 5 percent, capacity is 
increased by 5 percent, and 10 years are added to design plant 
lifetime, 3) the plant betterment costs $200/kW (based on the new 
plant size), and 4) future capacity is deferred to achieve the same 
reserve margins as in the base case 



Figure 8-4.— Life Extension Costs: Sensitivity 
to Capital Cost 
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SOURCE Office of Technology Assessment 

tial for sizable amounts of load management in 
the United States. For example, in the Southeast, 
a 5.4 percent potential peak load reduction in 
the summer and 3.3 percent in the winter appears 
possible. 16 Further analysis of these load manage- 
ment projections for the full EPRI Southeast Re- 
gion typical utility by OTA indicates that load 
management could reduce future utility revenue 
requirements by up to 1 .5 percent. At this level 
of peak reduction, the greatest reduction in rev- 
enue requirements is achieved by: 1) shifting the 
energy avoided at the peak to off-peak periods, 
and 2) coupling load management to the early 
retirement of oil and gas units. 17 While these re- 
sults suggest net benefit from load management 
for the region, results for individual utilities or 
other regions may be different. 



,6 Electrotek Concepts, Inc , Future Cost and Performance of New 
Load Management Technologies, final report to the Office of Tech- 
nology Assessment, January 1985, OTA Solicitation US-84-7. For 
the Southeast, 5 4 percent reduction equals 891 MW in 1990. 

,7 The basic assumptions used in this analysis are the same as for 
the plant betterment analysis. The capital costs of the utility lodd 
management program (calculated by Electrotek to be $191/kW) are 
annualized and expensed over the life of the equipment Further 
analysis by OTA has shown that utility revenue requirements do 
not significantly differ when expensing or capitalizing the load man- 
agement program 
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Comparison of the results for ihe plant life ex- 
tension and load management cases in a typical 
Southeast utility indicates that plant life extension 
is the more attractive option at currently pro- 
jected load management levels and assumed pro- 
gram costs. 

Of particular interest to many utilities are the 
potential benefits of increased flexibility and fi- 
nancial performance offered by small-scale, short 
lead-time generating plants. OTA modeling 
studies indicate that under uncertain demand 
growth, the cash flow benefits of such plants in 
the short term could be considerable. 18 For ex- 
ample, as shown in figure 8-5, the interest cov- 
erage ratio, which measures a utility's ability to 
repay its debt obligations— and is the principal 
consideration in bond rating decisions, tends to 
decline for a utility engaged in a major construc- 
tion project as outlays are made during the con- 
struction period. Under the low demand growth 
scenario in figure 8-5, 19 investment in a series of 

18 A scaled-down Northeast EPRI Regional System was used for 
this analysis The initial capacity is 6,600 MW and initial peak load 
is 5,500 The first year of the scenario is 1990 and continues until 
2000 A 800 MW coal plant is assumed to start-up in 1 992 A pul- 
ve'.zed coal plant is the technology examined The only differences 
between the two types of plants are 

5 mall i-M%e 
Capacity 100 MW 500 MW 

Lead-ume 1 year 7 years 

,9 Two percent load growth in the first 5 years and 0 percent i,. 
the Ijst 5 years Edison Electric Institute, Strategic Implications ot 



Figure 8 5.— Short v. Long Lead-Time Analysts: 
Impact on Financial Health 
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small modular plants results in a considerably bet- 
ter interest coverage ratio trend, even with a 10 
percent capital cost premium (per kilowatt) asso- 
ciated with the smaller plants. The primary rea- 
son for the difference in financial performance 
is the ability of the smaller plant to track demand 
growth. Under the low demand growth scenario, 
the interest coverage ratio for the large plant is 
relatively low both during the construction period 
of the plant 20 and during the period that the sys- 
tem has high reserve margins. Use of a low-high 
demand scenario 21 narrows the difference. In- 
deed, the interest coverage ratio trend for the 
large plant surpasses the small plant trend after 
the large plant comes on-line in 1997. 



Summary 

The new technologies addressed in this assess- 
ment have the potential to compete economically 
with conventional generating technologies, e.g., 
pulverized coal, combustion turbines. The new 
technologies which are most likely to provide 
lower cost power are AFBC, IGLC, geothermal, 
and wind power. Fuel cells and photovoltaics 
could compete favorably with peaking technol- 
ogies such as combustion turbines. Storage tech- 
nologies could also compete effectively with 
these peaking technologies. In addition, most of 
the generating technologies considered in this 
assessment offer the small-scale modular features 
many utilities are seeking, although many are sub- 
ject to significant cost and performance uncer- 
tainty. 

A more serious impediment to utility invest- 
ment in these new technologies for the next 10 
to 15 years is that most of them are not likely to 
compete effectively with other generally more 
cost effective strategic options— life extension and 
rehabilitation of existing generating facilities, and 
increased reliance on load management. These 
strategic options are being aggressively pursued 
by many utilities. OTA analysis of these options 
indicates that their implementation could provide 



Alternative Electric Generating Technologies (Washington, DC EEI, 
April 1984). 

20 The 500 MW plant is assumed to come on-line in 1997. 
"Two percent load growth in the first 5 years and 6 percent in 
the last 5 years 
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sizable benefits to utilities and enhance utility fi- may take longer to achieve the low costs pro- 
nancial health. As a result, the new technologies jected in this section. 



NONUTILITY INVESTMENT IN POWER GENERATION 



Overview 

Interest in nonutility electric power generation 
has increased in recent years. In some parts of 
the country, California being the most notable 
example, nonutility generation has emerged both 
as a significant source of power and as a strate- 
gic option for utilities. In additnn to existing in- 
dustrial self-generation, power is now being sold 
by companies operating low-head hydroelectric 
dams, cogeneration, wind turbines, geothermal 
powerplants, and, to a much more limited extent, 
photovoltaic arrays and solar thermal electric fa- 
cilities. 

Nonutility generating facilities are owned by in- 
dustrial and commercial firms, and third-party 
entrepreneurs. This increase in activity is due, pri- 
marily, to a supportive regulatory climate and the 
availability of tax benefits. And whether a healthy 
nonutility power generation industry emerges in 
the 1990s will depend on policy decisions over 
the next few years. This section examines: 

1. characteristics of current nonutility pro- 
ducers, 

2. nonutility technology choice decisionmaking, 

3. the comparative profitability of these tech- 
nologies, and 

4. the impact of Federal tax policy. 

Historical Nonutility Generation 

Industry has generated electricity since the 
earliest days of electric power. This power gen- 
eration included both onsite production to meet 
industrial needs and cogeneration. The contribu- 
tion of this industrial capacity to overall electri- 
city production has declined over time, however. 
In 1962, capacity at nonutility owned generating 
plants represented 8.5 percent of total installed 
generating capacity. By 1979, this contribution, 
while remaining relatively constant in absolute 
terms, had slipped to 2.8 percent of total gener- 



ating capacity. 22 In the 1970s, industrial self- 
generation (including cogeneration) of electricity 
decreased in the face of increasing fossil fuel 
prices, aging plant, a flattening of demand, and 
a generally lower rate of increase in the price o* 
purchased electricity. 23 Changes in this trend, 
however, may be emerging in the 1980s— the real 
price of oil has stabilized, curtailments of natu- 
ral gas no longer occur, the retail price of utility 
power has continued to increase, and regulatory 
changes that make it economically attractive to 
produce electric power for sale to utilities. 

Current Nonutility Electric Power 
Generation 

With the passage of the Public Utility Regula- 
tory Policies Act of 1978 (PURPA), the prospects 
for generation of power outside of electric utility 
ownership improved markedly. Prior to PURPA, 
owners of nonutility powerplants did not have 
guaranteed markets for their power beyond their 
own use, and were subject to possible public util- 
ity regulation. Rates for sales of power to utili- 
ties were open to negotiation without a consist- 
ent "yardstick" against which neg niated rates 
could be measured. PURPA & nged this situa- 
tion by providing a 100 percent ''avoided cost 
criterion" for these rates and removing potential 
for regulation. Chapter 3 discusses PURPA in 
more detail. 

The nonutility market for sale of power has in- 
creased significantly since the early 1980s. In- 
stalled nonutility generating capacity in 1985 con- 
sists primarily of cogeneration applications 
(mostly from natural gas), biomass-fired genera- 



"Edison Electric Institute, Statistical Yearbook of the Electric Utility 
Industry/1982 (Washington, DC EEl, 1983) 

2I R C Marlay, "Trends in Industrial Use of Energy/' Science, vol 
226, No 4680, Dec 14, 1984, pp 1277-1283 These numbers do 
not include boilers using nonfossil fuels 
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tion, wind, geothermal, AFBC, and hydro. Addi- 
tional activity is occurring in solar thermal electric 
and photovoltaics. Table 4-4 shows the installed 
capacity breakdown for the new technologies in 
1985. Wind power and AFBC are the subject of 
the most activity. 

Characteristics of Nonutility 
Producers 

Nonutility involvement in new technology de- 
velopment is being initiated by both industrial 
firms and third-party investors. Industrial invest- 
ment in new technology projects is primarily un- 
dertaken to reduce the cost of meeting electri- 
cal and/or process heat needs. Either revenues 
from power sales to electric utilities or the avoid- 
ance of electricity purchases can make a project 
economic. By contrast, third-party investment in 
these technologies is organized by entrepreneurs 
who obtain financing and develop projects as 
profit-making ventures from sale of the electri- 
city and any byproduct steam. Both types of de- 
velopment have occurred in recent years— with 
industrial involvement centeringon cogeneration 
and third-party investment principally occurring 
in cogeneration, low-head hydroelectric dams, 
and wind power. 

In order to gauge the level and type of current 
nonutility power generation, OTA sponsored a 
survey 24 conducted by the Investor Responsibil- 
ity Research Center (IRRC). The trends and char- 
acteristics in ;he IRRC sample provide insight into 
the nature of the industry and the direction it ap- 
pears to be headed. 

IRRC sent a survey form to current and pro- 
jected nonutility power producers in the wind, 
solar thermal electric, geothermal, and photovol- 
taic industries. 25 It asked questions on the follow- 
ing topics: 

• ownerrhip, 

• financial structures, 



"Investor Responsibility Research Center, Survey of Non-Utthty 
Electric rower Producers, OTA contract 433-7640, July 11, 1984 

"A total of 45 companies (25 current and 20 projected produc- 
ers) responded to the survey IRRC also surveyed the biomass and 
hydroelectric small power industries The remaining technologies 
highlighted in this report (fuel cells, AFBC, and IGCC) were not suffi- 
ciently commercialized or deployed in 1983 to be surveyed. 



• generating plant characteristics, 

• vendor agreements, 

• operational data, and 

• purchase agreements with utilities 

Figure 8-6 shows the breakdown by technol- 
ogy of the survey respondents. Note that wind 
power companies represented 76.7 percent of 
the respondents, and geothermal power came in 
a distant second at 1 1 .6 percent. In terms of to- 
tal installed capacity, the disparity is even greater. 
By the end of 1 983, the IRRC sample reports that 
wind power accounted for over 134 MW of ca- 
pacity. 26 

The survey results reveal two important indus- 
try characteristics which could affect industry 
health and the impact of Federal policy in the mid 
1980s. First, most companies involved in nonutil- 
ity power projects are relatively young— less than 
3 years old. Second, these companies are quite 
small, typically maintaining generating capacity 
of less than 6 MW. Any significant changes in tax 
and regulatory policy could severely affect the 
operations and profitability of these young films. 



Comparison of this reported capacity with tne 239 MW reported 
in D Maner, "Windfarm Update . 117 Megawatts and Still Grow- 
ing, "Alternative Sources of Energy, No 63, September/October 
1983, suggests that the IRRC sample contains a little over one-half 
of the industry in 1983 

Figure 8-6.— Survey Responses by Technology 



Geothermal (11.6%) 




SOURCE Offlct of Technology Atmtmtnt 
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Figure 8-7 shows the cross-section of owner- 
ship of current and projected nonutility produc- 
ers. The majority (78.6 percent) of these produc- 
ers are privately owned companies, most of 
which are small in size and were formed strictly 
to sell power to utilities. Far fewer publicly held 
companies and subsidiaries, particularly more 
established, older, and la r ger firms, have entered 
the market as yet. 

The survey respondents were also asked about 
tho financing methods they have used to capital- 
ize and operate their generating facilities. The re- 
sponses from the currently producing companies 
fall generally into four m?jor categories: sole 
ownership, joint ventures, partnerships, and leas- 
ing. Partnerships are the most prevalent, account- 
ing for half of the projects surveyed. Sole owner- 
ship ranked second— 29.4 percent; joint ventures 
and leases accounted for 14.7 and 5.9 percent, 
respectively. This cross-section indicates that most 
of the current projects, i.e., wind farms, are gen- 
erally financed with private investor capital, al- 
though over one-quarter of the respondents 
noted that they have used a mixture of financ- 
ing methods such as sole ownership along with 
partnerships. 

The survey indicates that the project location 
of most of the current and anticipated nonutility 



Figure 8-7.— Nonutility Ownership: Currant and 
Projected Companies 




SOURCE Office of Technology Assessment 



projects represented in the survey is California 
(see figure 8-8). California represents an even 
larger portion of nonutility capacity— over 90 per- 
cent of the 1983 reported installed capacity. The 
primary reasons are the availability of high utility 
avoided cost rates, tax credits (State and Federal), 
and California's generally supportive regulatory 
environment for alternative energy development. 

Wind power represents all of the reported 1983 
installed capacity of 1 34 MW in the survey. The 
average wind farm in the survey had an average 
capacity of 5.8 MW. Figure 8-9 shows that while 
small companies dominate the market in terms 
of total projects, in terms of installed capacity 
larger companies represent a much greater share 
of the industry. 

The year of initial generation for most com- 
panies has been within the last 3 years. Although 
PURPA and the business renewable tax credits 
were first passed in 1978, significant nonutility 
generation did not occur until 1982 because of 
court challenges to PURPA and slow implemen- 
tation by States. As mentioned earlier, most of 
the companies involved in nonutility production 
are less than 3 years old; over 60 percent of the 
companies in the survey started producing in 
1982 and 1983 (see figure 8-10). 



Figure 8-8.— Survey Responses by Project Location 

New Hampshire 

(2 4%) New York Oregon 

Montana \ (4 8V.) (4.8%) Texas 

(2 4%) \ I - f (48%) 

Massachusetts ^^sfl ^^t/ Utah 




SOURCE Office of Technology Assessment 



9 

ERIC 



241 



Ch 8— Conventional v. Alternative Technologies- Utility and Nonutility Decisions • 231 



Figure 8-9.— Wind Farm Installed Capacity Distribution 
(number of companies and total kilowatts) 
1 5r __ 




Size categories (MW) 
SOURCE Office of Technology Assessment 

Figure 8-10.— Initial Year of Generation: Currently 
Producing Companies 




SOURCE Office of Technology Assessment 

Nonutility Investment 
Decisionmaking 

Investment in power generation equipment in 
a nonutility environment is generally not very 
different than other long-term investment deci- 
sions. Investors, either individuals or corpora- 
tions, are primarily interested in maximizing their 
risk-adjusted return on their invested capital. 



Hence, investor interest will increase if nonutility 
power project investments offer potentially high 
returns relative to other investment options. But 
the rationale for the investment will vary accord- 
ing to the types of investors. Additional consider- 
ations for investors include tax status, timing of 
the investment, cash flow patterns, and mainte- 
nance of a balanced portfolio of risky and non- 
risky investments. 

Financing Alternative Technology 
Projects 

Investment in nonutility generation projects can 
be initiated through a variety of financing struc- 
tures. For a corporation (industrial or commer- 
cial), the two major vehicles are capital invest- 
ment with ; nternal funds, and project financing 
(sometimes called "third party financing"). Cap- 
ital investment by a corporation usually involves 
the use of retained earnings, equity, or debt is- 
sues to finance a generation project. Project 
financing, on the other hand, looks to the cash 
flow and assets associated with the project as the 
basis for financing. Private investors often invest 
in technology projects through tax shelter syn- 
dicates and partnerships. Some nonutility power 
projects have involved both industrial and pri- 
vate investor participation. The following discus- 
sion highlights the major forms of nonutility 
financing mechanisms. 

The likelihood of sole ownership by a corpo- 
ration of a nonutility generation project depends 
on the size and financial strength of the indus- 
trial firm, the rationale for investment and the 
riskiness of the technology. A large co poration 
will be more willing and able to finance a project 
with retained earnings than a small industrial firm. 
A large firm usually has more retained earnings 
available for discretionary investment. If a cor- 
poration has a stake in the development of a tech- 
nology, e.g., the corporation is a vendor of the 
technology, successful ownership of a project 
such as a photovoltaic array or wind farm may 
attract future investment by third parties and lead 
to increased profits for the corporation. A project 
directly related to a firm's manufacturing proc- 
ess— e.g., providing process steam or electric 
power directly to an industrial operation— is also 
more likely to be financed internally. But a project 
operated strictly as a small power producer is less 
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likely to be owned solely by a corporation. In- 
vestments in projects that are more associated 
with a firm's principal line of business (e.g., sales 
expenditures or plant expansion) are more likely 
to receive higher priority. In addition, if the tech- 
nology under consideration is perceived as risky, 
an industrial firm may seek partners or guaran- 
tees from vendors to share the project risk. 

The methods of project finance are particularly 
appropriate to the financing of distributed elec- 
tricity generation. As mentioned earlier, project 
financing looks to the cash flow associated with 
the project as a source of funds with which to 
repay the loan, and to the assets of the project 
as collateral. For successful project financing, a 
project should be structured with as little recourse 
as possible to the sponsor, yet with sufficient 
credit support (through guarantees or undertak- 
ings of the sponsor or third party) to satisfy 
lenders. In addition, a market for the energy 
output— electrical or thermal— must be assured, 
preferably through contractual agreements; the 
property financed must be valuable as collateral; 
the project must be insured; and all government 
approvals must be available. 27 There are four ma- 
jor forms of project finance applicable to new 
technology projects: leasing, joint ventures, 
limited partnership, or small power producer (see 
box 8C for definitions). 

Another ownership structure often used in 
wind turbine farms is an organized system of 
individual turbine sales, also known as sole 
ownership (or "chattel"). Under this structure the 
private investor owns only one turbine. 28 The 
project developer organizes the wind farm, sells 
the wind turbines to prospective investors, and 
provides maintenance services. 

Required Project Characteristics 

Every nonutihty generation technology project, 
whether it is structured through traditional project 
financing techniques or third-party entrepreneurs, 
must meet several requirements before it will be 
accet table to investors. These requirements fall 
into three key areas: risk reduction, firm fuel and 

/7 PK Nevitt, Project Financing (London Euromoney Publications 
Limited. 1979) 

2n H Cen, "Investing in Windpower Ownership or Partnership," 
Alternative Source* ot Energy, No 71, January/February 1985 



power sales contracts, and sufficiently high prof- 
itability (before or after taxes depending on the 
investor). 

There are several forms of risk involved in new 
electric generation technology projects. 29 They 
include among others: 

1 . Machine Risk: Will the technology perform 
as predicted, i.e., produce the estimated 
power, meet availability targets, and not suf- 
fer catastrophic failure, all within appropri- 
ate installation and operational budgets? 

2. Resource Risk: Will the site actually have 
sufficient fuelstocks (e.g., low-cost coal or 
geothermal brine) or quality resource (e.g., 
wind speeds and distribution) for the dura- 
tion of the project? Will year-to-year fluctu- 
ations be great? 

3. Political Risk: Will the "rules of the game" 
regarding tax credits and deductions, sales 
prices to utilities (or others), zoning or- 
dinances, or other permitting regulations 
change for the worse during the course of 
operation? 

4. Energy Price Risk: Will the oil market soften 
further? Will the utility be allowed to con- 
vert to coal or other lew-energy cost options? 

In order to finance a new nonutility project, 
these risks must be either mitigated or incorpo- 
rated in contingency plans. Common risk reduc- 
tion techniques include vendor guarantee take- 
or-pay contracts with utilities, and guarantees on 
project profitability from the project sponsors. 
Nevertheless, not all oi the risks in projects uti- 
lizing new technologies can be eliminated. The 
higher the level of risk, the higher is the return 
on investment demanded by investors. 

The most critical requirement for nonutility 
generation projects is the guarantee of stable fuel 
supply and power sales contracts. Fuel supply, 
whether it be natural gas, coal, or geothermal 
brine, must be assured for the duration of the 
project at reasonable, predictable prices. Even 
more important than fuel supply contracts are 
power sales contracts with electric utilities. With- 
out long-term, power sales contracts, project de- 



29 M Lotker, "Making the Most of Federal Tax Laws: A New Way 
to Look at WECS Development/' Alternative Sources of Energy, 
No 63, September/October 1983, p 38 
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velopers will have difficulty obtaining debt and 
leveraging their investment to reduce capital 
costs. The guarantee of a sale, at a predetermined 
price (other acceptable price structures include 
price floors and schedules of future prices) per 
kilowatt-hour sold, will allow investors to calcu- 



late, with a reasonable degree of certainty, the 
cash flow associated with a wind turbine instal- 
lation. 30 
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Another requirement for the financing of new 
technology projects is a sufficiently high rate of 
return to attract capital. Generally, the nominal 
internal rate of return (IRR) for a project must be 
between 20 and 30 percent. 31 For example, as 
can be seen in figure 8-1 1 , windmills fall between 
real estate and venture capital on the investment 
risk continuum. Since the IRR is sensitive to tax 
and financing, an equally important & terminant 
of profitability is cash return on the capital asset. 
Cash return on capital assets is obtained by re- 
moving tax benefits and debt and concentrating 
on the straight cash-on-cash return. A minimum 
required cash-on-cash return of 5 percent after 
operating expenses is typical. 32 If debt financing 
is used, the project must show a favorable debt 
service coverage ratio to obtain debt at reason- 
able terms. Most suppliers of debt capital require 
at least a 1.2:1 coverage ratio. 33 



"This nominal range translates roughly into a real IRR range of 
15 to 25 percent if a 5 percent inflation rate is assumed Thus, 1 5 
percent will be used as the required rate of return or "hurdle" rate 
in the following analysis 

"RA Lyons, "Raising Equity A Broker-Dealer Guide For the 
Project Developer/' Alternative Sources of Energy, No 69, Sep- 
tember/October 1984, p 20 

"Edward Blum, Merrill Lynch Capital Markets, personal commu- 
nication with OTA staff, Aug 28, 1984 



Figure 8-11.— Investment Risk Continuum 
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Comparative Profitability 

The primary basis for cross-technology compar- 
isons that follow will be the profitability of new 
technology projects to both institutional and in- 
dividual investors. The source for the technology 
cost and performance estimates are the detailed 
tables included in appendix 8A to this chapter. 
Cross-technology comparisons based on pro- 
jected costs and performance will be presented 
first, followed by a discussion of the sensitivity 
to these results to key parameters. Alternative 
Federal policy scenarios, e.g., tax policy, will also 
be examined. 

The technologies examined in this section will 
be geothermal power, wind power, solar photo- 
voltaics (concentrators 34 ), solar thermal electric, 
fuel cells, and atmospheric fluidized-bed com- 
bustion (AFBC). (Integrated coal gasification/com- 
bined-cycle (IGCC) plants addressed elsewhere 
in this assessment will not be included in this anal- 
ysis because the technology is currently geared 
toward the utility market, and cogeneration-sized 
IGCC plants are not expected to be deployed in 
the 1990s.) All the technologies listed above are 
assumed to produce just electricity, except fuel 
cells and AFBC for which cogeneration applica- 
tions are examined. Neither of these latter two 
technologies currently qualify as small-power pro- 
ducers under PURPA, and, hence, were config- 
ured as cogenerators for the analysis. Combus- 
tion turbine-based cogeneration, currently the 
primary technology used in new cogeneration ap- 
plications, is used as the conventional alternative 
against which the new technologies are compared. 

Basic Assumptions 

Comparisons among technologies will be made 
primarily by assessing their breakeven cost and 
performance. Breakeven analysis determines the 
capital cost and electricity production parame- 
ters necessary for a project to cover both costs 
and required return on investment. A standard 
discounted cash flow methodology was also used 
to compare technologies, and check the results 



SOURCE American Wind Energy Association, briefing for congressional com- 
mittee staff. Washington, DC, Jan 18, 1965 



,4 T racking concentrator systems were chosen for the base case 
nonutihty comparison because initial results indicated that they will 
penetrate the grid-co nected power generation market first with 
the highest profit 
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of the breakeven analysis. This methodology cal- 
culates profitability measures and is based on 
methods used by the financial community. The 
discounted cash flow methodology is described 
fully in appendix 8A. 

In order to compare the different technologies 
on a consistent basis in both of these methodol- 
ogies, several assumptions were made. As dis- 
: ssed earlier, f ne comparisons are made on a 
constant dollar (1 983) basis. This allows the com- 
parison of technologies with different reference 
years, lead-times, and lifetimes. The technologies 
were examined for three scenarios: worst case, 
most likely Cose, and best case. These scenarios 
were derived from the parameter ranges in the 
cost and performance projections developed in 
chapter 4 and listed in appendix A. 

Breakeven Analysis 

As discussed in chapter 4, each new technol- 
ogy has a unique set of cost and performance pa- 
rameters, such as capital cost, capacity factor, and 
expenses. These parameters can be compared to 
an assumed revenue stream (from electricity sale 
to utilit or themal revenues from cogenera- 
tion) and required rate of return to determine 
technology cost effectiveness. The basic concept 
is to match initial cost and annual electricity pro- 
duction (measured as the capital cost per annual 
kilowatt-hour) to the sum of net revenues and tax 
be^°fits (see box 8D). If a technology's capital 
cost per annual kilowatt-hour is lower han reve- 
nues and benefits, the technology is ost effec- 
tive This comparison is called breakeven analy- 
sis ^. s used in financial analysis to provide a 
relttively simple quide to the profitability of a 
pro)tM. ,s if a technology appears profitable, more 
detailed analysis and structuring of the project 
is undertaken. 

Figure 8-12 shows breakeven graphs for three 
groups of technologies: a) wind power, solar pho- 
tovoltaics, and AFBC; b) geothermal and solar 
thermal electric (parabolic dish); and c) fuel cells 
and combustion turbines. Each group represents 
a different level of annual expenses. 36 For exam- 

"Ldwcircl Blum, Me r n!l Lync h Capital Markets, personal commu- 
nication with OTA staff Mr 19, 198S 

Hhe expense groups wert r'enved by grouping *he tec hnologies 
<i( ( ording to the pen entage of total li*' ( yc le revenue a( ( ounted 



pie, technologies with high fuel expenses, such 
as fuel cells, have much higher expenses than 
wind turbines and solar photovoltaics, which 
have no fuel expenses The three Ihes in each 
graph represent breakeven capital cost per 
kilowatt-hour as a function of the avoided cost 
buy-back rate. Each line is associated with a par- 
ticular set of required real rate of return (10, 15, 
and 20 percent). 37 Along side each breakeven 
graph are the capital cost per kilowatt-hour 
ranges associated with the new technologies. The 
high end represents the worse case, the low end 
represents the best case, and the mark in the mid- 
dle is associated with the most likely case. 

This graph can be used in two ways: 1) to de- 
termine the breakeven capital cost per kilowatt- 
hour associated with a specific avoided cost, and 
2) to calculate the required avoided cost rate that 
each technology needs in order to break even. 
The top graph in figure 8-12 provides an exam- 
ple of the first type of analysis. The dotted lines 
trace an avoided cost buy-back rate of 5 cents/ 
kWh 38 and a 1 5 percent required real rate of re- 
turn. As can be seen in this figure, wind power 
could be profitable at this buy-back rate if capac- 
ity factors can be increased and initial capital cost 
can be reduced. While wir.d power could be cost 
effective under these conditions, at costs and/or 
capacity factors associated with the upper portion 
of wind's capital cost per kilowatt-hour range, 
profitability will likely be marginal. These graphs 
aleo indicate that AFBC, geothermal, and com- 
bustion tui bines are economic at a wide range 
of buy-Uack rates. Conversely, solar thermal, and 
to a lesser extent, photovoltaics and fuel cells re- 
quire significantly higher buy-back rates. Both 
photovoltaics and fuel cells become more eco- 
nomic in (he lower portions of their cost ranges. 



tor by the sum of operating, fuel, insurance, and land rental costs 
These peri vantages were est i mat 1 with the discounted cash flow 
model discussed in this section I he percentages are 20 percent 
for wind, photovoltaics, and AFBC, 25 percent for solar thermal 
electric and geothermal, and 60 percent for fuel cells and com- 
bustion turbines 

,7 The base s' t of assumptions are 10 percent Investment Tax 
Credit (no Renewable Tax Credn, 5 year ACRS deprecation, SO 
percent rederal tax rate, 100 percent equity financing, and 2 per- 
c ent real fuel escalation The fuel escalation rate serves s the proxy 
for the rate • increase in avoided c^st rates 

"This buy-back rate was chosen because it approximates avoided 
costs for Pacific Gas & tlectric and soutnern California tdison in 
1984 
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The second analysis approach, calculation of 
the required avoided cost revenue rate, provides 
a good basis for comparison of cost effectiveness 
across the technologies. In addition, the analy- 
sis can determine whether a new technology 
project will beec .lomic with a particular utility 
or statewide buy-back rate. Figure 8-1 3 shows the 
esults of this analysis with a 15 percent real re- 
quired rate of return (or approximately 20 per- 



cent nominal) and no Renewable Tax Credit. 
These results mirror the results listed above. 
AFBC, geothermal, and combustion fjrbines are 
clearly economic throughout their cost ranges at 
buy-back rates above 4 cents/kWh. At its ex- 
pected cost and performance levels, wind could 
be profitable at buy-back rates above 6 cents/ 
kWh. If wind power achieves its most optimistic 
capital cost and capacity factor ranges, wind 
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Figure 8-12.— Breakeven Analysis 
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Figure 8-13.— Breakeven Buy-Back Rates 
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coi,!d require only a 4 cents/kWh rate. The break- 
even buy-back rate for solar photovoltaics and 
fuel cells d.ops below 10 cents/kWh only at their 
most optimistic cost and performance values. For 
solar thermal electric, the breakeven rate is above 
10 cents/kWh throughout its cost and perform- 
ance range. 

Rate of Return Analysis 

In addition to breakeven analysis, a standard 
discounted cash flow methodology was used to 
derive profitability, i.e., real internal rate of re- 
turn. Internal rate of return (IRR) can easily be 
compared to rates realized by investors, although 
its calculation and interpretation are not without 
problems. The most serious problem is the sen- 
sitivity of IRR to changes in the debt struct! re, 



and other financial parameters (e.g., repayment 
schedules, leasing, etc.). 39 Since no attempt was 
made by OTA to structure the financing of a given 
new technology project in order to gain the best 
rate of return— the basic cross-technology cash 
flow model assumes established debt and equity 
portions for the project, no leasing, and a set Fed- 
eral tax rate 40 — the calculated rates of return in 
this analysis will be different from and typically 
below the rates of return actually achievable. 

The results of the comparative profitability anal- 
ysis are included in figure 8-14. Also listed in are 
the base case assumptions regarding tax rates, 



"Indeed, many analysts place more weight on payback periods 
and net present value 

*°For the basic comparisons, the tax rate is set at the average Fed- 
eral tax percentage 
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Figure 8 14.-Technology Profitability Range: Nonutility Ownership- West 
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£\2 ^ °* ""'^ ^ eSCala, '° n 2% yMr ' av0ld9ri ene ™ cred " 5 2 cen.s/KWh. energy credil 

^Cogeneration application 

Represents instantaneous capital cost in 1983 dollars 

Real internal rate of return under most likely cost and performance scenario 
SOURCE Office of Technology Assessment 



etc. Generally, the values listed, especially State 
taxes and avoided cost rates, represent conditions 
in California. (California was chosen because the 
State's current regulatory environment supports 
nonutility investment, a large portion of existing 
nonutility new technology activity is occurring in 
California, and many new nonutility projects in 
the near future are expected to be developed in 
the State.) The regional fuel prices were derived 
from utility-reported data compiled by the Energy 
Information Administration. 41 The regional as- 

4, Tht>si> data wen- compile*! by El A for OTA on Nov 27, 1984 



pects of fuel prices are covered in chapter 7. 
Comparison of the worst and best case scenarios 
provides a range of profitability; the most likely 
case results represent OTA's best estimates of fu- 
ture profitability. In general, these results substan- 
tiate the relative rankings derived in the 
breakeven analysis. 

This figure shows the attractiveness of AFBC- 
based cogeneration. Throughout its expected rate 
of return range, AFBC is clearly the most profita- 
ble new technology. These profitability ranges 
also show the potential for solar photovoltaics 
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and fuel cells to achieve nigh rate:, of return 42 un- 
der the best case scenario. The capacity contri- 
bution and deployment of these "ckan" tech- 
nologies could be sizable if capital :osts are 
reduced and reliability increased for t lese two 
technologies. On the other hand, if th iy do not 
occur, these technologies do not compare as 
favorably with the other technologies and may 
not be deployed in significant numbers. 

Wind power is currently the major source of 
nonutihty generation, other than cogeneration. 
The results shown in figure 8-12 seem to explain 
this market dominance— wind power compares 
favorably with the other technologies. Geother- 
mal power is also expected to achieve favorable 
rates of return. 

Sensitivity to Uncertainty 

The nonutility profitability values listed above 
and shown in figure 8-14 were subjected to the 
same sensitivity analysis framework that was con- 
ducted on utility levelized costs presented earlier. 
The primary purpose of this sensitivity analysis 
is to examine the cause of the wide rate of re- 
turn ranges shown in figure 8-14 tor each tech- 
nology. 

In general, the results of sensitivity analyses of 
the key factors— capital cost, O&M cost, capac- 
ity factor, heat rates, and electric-thermal 
ratio 43 — affecting the profitability of the technol- 
ogies indicate that the most critical are: capital 
cost, capacity factor, and heat rate. If the non- 
utility project cogeneraies, then the electric- 
thermal ratio becomes very important. The rela- 
tive importance of each of these parameters 
varies according to duty cycle, relative heat rate, 
and capital mtensiveness. 

General economic conditions and Federal pol- 
icies can also significantly affect the profitability 
of nonutility projects. The sensitivity of these eco- 
nomic factors— avoided costs, fuel costs, fuel cost 
escalations, tax credits, Federal tax rate, debt por- 

4; A ' favorable" or 'sufficiently high" rate of return is assumed 
to be above a 1 5 percent real (20 percent nominal) "nurdle rate " 

4, The electric -thermal ratio measures the relative production of 
electricity and steam from a cogeneration unit A high ratio indi- 
cates that the unit produc es relatively more elec trical energy than 
the r mal energy 



tion, and debt interest rate— were subjected to 
sensitivity analysis. The most critical factor was 
the avoided energy cost rate. This is not surpris- 
ing since the energy credit is the major source 
of revenue for nonutility technology projects. 
Next in importance are the Federal tax credit 
(both investmer.c and energy credits), the Federal 
tax rate, and avoided capacity credits. As was in- 
dicated by the relatively high sensitivity to heat 
rates, relative fuel costs are also important for fuel- 
intensive technologies such as combustion tur- 
bines. Sensitivity to tax credits is examined fur- 
ther below. 

These results highlight three main factors that 
affect the development of new generation tech- 
nologies. First, policies geared toward increasing 
reliability and availability, lowering initial capi- 
tal costs, and increasing efficiency (e.g., heat rate) 
will have the greatest impact on the future mar- 
ket potential in the nonutility sector. Second, lo- 
cating a project in a region or State with high 
avoided costs is crucial to project profitability. Fi- 
nally, Federal tax policy can significantly affect 
changes in the profitability of nonutility projects. 

Sensitivity to Federal Tax Policy 

The existence of Federal tax benefits for renew- 
able energy projects has been instrumental in the 
development of the current nonutility industry. 
Both the nonutility IRRC survey and the previous 
sensitivity analysis results emphasize the impor- 
tance of Federal *ax credits. Not too surprisingly, 
the respondents to the IRRC survey advocated 
their continued existence. 44 

Federal tax treatment of nonutility investment 
is currently in flux. The current business energy 
credits are due to expire on December 31, 1985. 
Failure to extend these credits will markedly re- 
duce project profitability and probably cause an 
industry shake-out. In addition, the Treasury De- 
partment has proposed a massive "tax simplifi- 
cation." This proposal, among other things, 
would, if enacted, repeal the 10 percent Invest- 
ment Tax Credit 



"The IRRC survey was disc ussed in greater detail earlier in this 
section 
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These tax policies were analyzed with the OTA 
cash flow model. Cross-technology profitability 
was calculated for five tax policy alternatives. 

1. No Tax Incentives— No tax credits, and 15 
year SOYD 45 depreciation 

2. ACRS Depreciation— No tax credits, 5-year 
ACRS depreciation 

3. Investment Tax Credit— Same as (2), with 10 
percent ITC 

4. W percent Renewable Tax Credit—Same as 
(3), with 10 percent RTC 

5. 75 percent Renewable Tax Credit—Same as 
(3), with 15 percent RTC. 

Case 5 represents current policy. Table 8-1 
presents the results of this analysis. Figure 8-15 
graphically shows the change in profitability 
(cumulative) upon stepping through the five 
cases. As can be seen, profitability changes dra- 
matically among the five policy cases. Under the 
most likely case scenario, if a 15 percent real rate 
of return (20 percent nominal) is assumed to be 
the hurdle rate, AFBC and combustion turbine 
units are likely to b^ economic under the No Tax 
Incentive case. Inclusion of a 5-year ACRS allows 
wind power to become barely profitable. The 
Renewable Tax Credits cause a dramatic increase 
in profitability. For example, wind power 
achieves a real rate of return in excess of 25 per- 
cent with a 15 percent tax credit. Ceothermal 
power also is economic with its 10 percent 
Renewable Tax Credit. The other new renewable 
technologies— photovoltaics and soUr thermal— 
also benefit from the Renewable Tax Credits, but 
remain the technologies with the lowest IRR. 



"•Sum ot Years Digits 



Summary 

Generation of electric power by nonutility en- 
tities has become an important alternative to elec- 
tric utility power generation. The existence of a 
wide variety of markets and interested investors 
outside electric utilities increases the likelihood 
that many of the new technologies considered 
in this study will be deployed. OTA analysis of 
technology profitability indicates that wind power 
and AFBC-based cogeneration compete favora- 
bly with conventional technology— combustion 
turbines— under expected conditions. Because of 
current and expected profitability, the commer- 
cialization of wind power technology has gone 
forward. And investor interest in AFBC should 
speed its commercialization as well. 

Our analysis shows that the renewable energy 
tax credit coupled with recovery of full utility 
avoided costs by nonutility power producers have 
been crucial in both the initial commercial de- 
velopment and the deployment of the new gen- 
erating technologies. Should avoided cost rates 
be low or uncertain, their development and ap- 
plication will be retarded. Conversely, high 
avoided costs, stimulated perhaps by rising oil 
and gas prices or shrinking reserve margins, might 
substantially accelerate their deployment. In ad- 
dition, without continued favorable tax treatment, 
development of much of the domestic renewable 
power technology industry will probably be de- 
layed significantly. In particular, without existing 
tax incentives, many of the small firms involved 
in development projects will lose access to ex- 
isting sources of capital. Even large, adequately 
capitalized firms may lose their distribution net- 
works, leaving the industry struggling to survive. 



CROSS-TECHNOLOGY COMPARISON 



Overview 

This section overviews the critical cross-tech- 
nology issues involved in the deployment of the 
technologies covered in this assessment. The em- 
phasis in here will be on the nonquantifiable 
characteristics of the technologies, i.e., those that 



cannot be addressed in a cost or profitability anal- 
ysis. The primary issues covered in this section 
will be the environmental impacts and the ease 
of deploying the technologies. Much of the com- 
parisons in this section are based on information 
contained in chapters 4, 5, 6, and 7, along with 
previous sections in this chapter. 
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Table 8-2.— Alternative Tax Incentives: Cumulative Effect on Real Internal Rate of Return 
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•includes Sum 0! Years Digits depreciation, no Investment Tax Credit (ITC), and no Renewable Tax Credit (RTC) 
includes 5 year ACRS depreciation 10% ITC, and RTC where applicable 
includes 5 year ACRS and 10V* ITC 

d The Production Tax Credit (PTC) is c?lculated by applying the cents/kWh credit amount to expected yearly electricity production The credit is applied annually until 
the cumulative tax credit equals the total tax credit level available with the 15V. RTC The 10% ITC and the 5 year ACRS schedule are also used in computing the PTC 
includes 10% ITC 
f Do«s not include 10% ITC 

SOURCE Office of Technology Assessment 
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Figure 8-15.— Tax Incentives for New Electric Generating Technologies: 
Cumulative Effect on Real Internal Rate of Return* 




Geothermal 



Photo- 
voitaics 



Solar 
parabolic 

dish 



Fuel 
cells' 



Combustion Atmospheric 
turbines 5 fluidized bed b 



Reported for each technology with worst case most likely and best case" estimates of cost and performance for the 
reference years defined in ch 4 basic economics assumption - are given m ch 8 
In cogeneration applications 
SOURCE Office of Technology Assessment US Congress 



Cross-Technology Issues 

The previous sections in this chapter focused 
on the relative costs and profitability of the de- 
veloping technologies. Usually, most utilities and 
investors place the greatest emphasis on these 
monetary values when making investment deci- 
sions. Nevertheless, a host of additional issues can 
affect and, in some cases, determine the choice 
of electric power technology. These issues in- 
clude .nvnonmental impacts, fuel availability, 
and modularity, among others. Table 8-3 displays 
a variety of quantitative and nonquantitative char- 
acteristics of the technologies under consid- 
eration. 

The most striking aspect of this table is the wide 
variation in the cost, performance, resource, and 
environmental attributes evidenced by the differ- 
ent technologies. The new technologies vary from 
small, short lead-time technologies such as wind 



power to large, longer lead-time technologies 
such as ICCC; from capital-intensive, less mature 
technologies like fuel cells to low cost per unit 
power, commercial technologies such as geother- 
mal; and from site-specific technologies such as 
geothermal to more easily sited technologies such 
as photovoltaics. This variation among the tech- 
nologies makes easy classification of the technol- 
ogies difficult. Tradeoffs between important char- 
acteristics such as cost, environmental impacts, 
and lead-time must be made prior to selection 
of a particular technology. Nevertheless, a few 
insights concerning these cross-technology issues 
can be made. 

First, although the clean coal technologies, i.e., 
AFBC and IGCC, are low in cost per unit power, 
and can use a variety of fuels and fuel types, the 
potential environmental impacts from these tech- 
nologies are significant. AFBCs and IGCCs require 
sizable quantities of water and land, produce sig- 
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Table 8-3.— Cross-Technology Comparison: OTA Reference Systems 



Technology characteristic s 
QenersV 

Geographic location 

Plant size b 
Development status 
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Solar 
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AFBC 
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storage 
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Entire U S , 
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Smell 
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Entire U S 
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under 



Entire U S 



Large 
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Entire U S 
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Entire U S 



Entire U S 



Demo planned No Demo 



Medium-large Small 



Pilot 



Lead time 0 
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Intermittent?* 

Coef; 

Cost 

Profitable? 8 


Short-medium 

Low 

No 


Short 

Medium 
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Medium 

High 

Yes 


Medium 
Medium 
Yes 


construction 
Long 
Medium 
No 


Long 

Medium 

No 


Mediur. 

High 

No 


Medium-long 

Medium 

No 


Medium 

High 

No 


Medium 

No 


Medium 
Yes 


High 
No 


High 
No 


Low 
Yes 


Low 
N/A 


High 
No 


Medium 
N/A 


Low 
N/A 


ounce rvQuavmenra and •nrirvnm*nt%l /mpacfa h 

Primary fuel source Geothermal Wind 


Solar 


Solar 


Coal/solid 


Coal/ natural 


Naturel gas 


Base load 


Base load 



Fuel availability 
Noise 



Solid waste' 

Air quality 

Water quality 1 

Water consumption 1 
Daily amount" 1 

Amount per MWe(net) n 
Land use 
Aereal extent 0 
Power density 1 * 



Limited 

Medium 

Medium 

Medium to 

high 
Medium 

Low to high 
High 



Limited 
number of 
quality sites 

Medium to 
high 

Low 

Low 

Low to 
medium* 



Low 



Region 
specific 



Low 



Region 
specific 

Low 

Low 

Low 

Low 

Low 
Low 



fuels 



Not 
constrained 



gas 



Not 
constrained 



Not 
constrained 



electricity 
piua natural 
gas or oil 
Not 
constrained 



electricity 



Not 
constrained 



Low High High High 

Medium to Low Low Low 

high 

•Engine mounted solar peraboiic dt»h 

bSizes of OTA reference systems Smell - <25 MW Medium - 25 to 100 MW, Lerge - > 100 
MW For size renges expected in the 1990s see table 4 2 (Alternative Gsnsrstmg Technolo- 
gies end Storage Technologies Typical Sizes and Applications) 

c Short - <2 yeers Medium - 2 to 5 yeers. Long - >5 yeers 

^Refers to the general ease of siting a powerplant Ranking Is baaed on combine! ion of geogrephi 
cat location fuel availability, and environments character! sties Low - plant can be sited only 
at specific locations Medium - plant can be sited at many locations, but is constrained by local 
resource availability etc High - plant can be Sited et most sites with reietive ease 
'Refers to the overall reliability of the powerplant primarily daily resource variability 
'Leveiized cost (1963$) under most likely case scenario Low - < T cents/kWh, Medium - 7 14 
cents/kWh, High - > 14 centa/kWh 

OWhether technology can achieve e real rate of return over IS percent in non utility application* 
under most likely case scenario Assume* no Federal Renewable Tax Credit 
*These potential environmental impacts are baaed on the reference plant sizes listed above end 
cus on direct Impacts from onsite operation impact* associated with production of facility com 
,nsnts, or disposal ol worn components, ere not considered 
Unless otherwide noted the following retlng system applies 

• High indicates substantial likelihood of large impacts requiring special measures to bring 
the facility into compliance with local State, or Federal environmental protection sietutes 
High is also used to identify a strong potential lor conflicting land use objectives and 
problems resulting from competition for scarce resources (e g , for water in imgation^ependenl 
cress) In ail of these caaea, the resulting impacts could be eerioue enough to constrain full 
development of e site-specific energy resource f\ p" 

Where air emissions ere concerned, e high rating may be more reflective of local ei r quality s \ 
conditions than actual emission rates For example, location in a nonattainment area can ef K ^ 
fact development of any combustion unit large enough to fail under Federal standerde 
§/M io/^rtin ce of Technology Assessment 
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• Medium Indicetes that some special measures mey be requred to bring the facility into com 
pitance with environmental protection statutes, but these conditions are not likely to serl 
outly limit development 

• Low means that environmental Impacts are expected to be negligible 

• ComWnetion retings {i e . low-high) indicate that 1) impacts are likely to vary according to 
site-specific characteristic*, and/or 2) impacts vary substantially with plant size 

'From dally plant operation only Wastes associated with production and/or periodic replacement 
of plant component* are not considered 

Jtms includes any effluent discharge to surface water (e g , lakes and streame). impacts on ground 
water are not considered 

inadequate erosion control In steep terrain could lead to increased sedimentation in nearby etreame 
>As explained In the following two footnotes, these ratings reflect the amount ol water used rather 
than the consequent environmental impact* ol water use in areas with limited water resourcss 
and/or heavy competition for exieting supplies, technologies with s moderats rating under thle 
category may face ailing constraint* 

m Low - < 1 million gallon* per day. Medium - 1 to 3 gallon* per day, High - >3 million gallons 
par day 

"Low - < 3.000 gallon* par day per MWelnet). High - 3.000 to 20.000 gallons per day per MWe(net), 
High - > 20,000 gallons per day per MWa<net) 
°Th*s* ratings are baaed on the land requirement* for e 25 MWe<net) plant They euggest where 
potential problems may arise regarding visual impacts, competing (and uses, or habitat disrup 
Hon Low - % 10 acres, Medium - 1 1 to I Macrae, High > 100 acres While exleneive habitat dte 
ruption could occur on a small sits (i s s 10 acres), we have assumed that the affected area would 
be small enough that over ail impacts on the resource tn queetion would not be likely to const rain 



efers to the amount of power produced per acre Low - <0 5 MW par acre, Medium • 
S MW per acre, and High - > S MW per acre 
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nificant amounts of solid waste, and emit air pol- 
lutants The latter, however, can be controlled 
below competing, solid fuel technologies. These 
environmental characteristics will likely limit the 
deployment of these technologies to remote ap- 
plications outside of urban areas, oossibly to 
nonattainment areas (unless emission offsets are 
available). While these technologies have greater 
environmental consequences than the other new 
technologies, the IGCC and AFBC represent two 
of the most promising "clean coal" technologies. 
Therefore, when compared to conventional coal 
combustion, the IGCC and AFBC offer substan- 
tial environmental benefits. 

Second, in general, the renewable technol- 
ogies— geothermal, wind power, solar photovol- 
taics, and solar thermal electric— have less severe 
environmental impacts than c ^nventional gener- 
ation alternatives. This attractive environmental 
characteristic in combination with the small, mod- 
ular nature of most of the renewable technol- 
ogies, should ease siting of these technologies and 
aid deployment. There are important differences 
among these technologies, though, in terms of 
their environmental impacts. Geothermal and, to 
a lesser extent, wind power create more environ- 
ment impacts than solar photovoltaics and solar 
thermal electric. For example, wind power instal- 
lations are highly visible, noisy, require large 
amounts of acreage, and can cause erosion prob- 
lems in environmentally sensitive areas. 

Finally, the two technologies which appear to 
be the most desirable according to the charac- 
teristics listed in table 8-3 are fuel cells and solar 
photovoltaics. These two technologies are small, 
modular technologies which can be sited in a va- 



riety of locations without major environmental 
impact in relatively short periods of time. Photo- 
voltaic powerplants use a fuel that is inexhausti- 
ble (solar insolation), while fuel cells can use a 
variety of fuel types (natural gas, methanol, syn- 
thetic natural gas). In the case of these two tech- 
nologies, therefore, cost and performance will 
almost completely determine their market pene- 
tration. 



Summary 

Choice among the new technologies involves 
more than just comparison of costs or profitabil- 
ity. At the micro level, this decision is based on 
very detailed analysis of engineering, and cost 
analyses, site-specific characteristics, and envi- 
ronmental impacts, among others. At the more 
general level, the approach taken here, the tech- 
nologies must be compared with each other, both 
in relation to their quantifiable and their non- 
quantifiable values. 

This section has highlighted the complex issues 
associated with deployment of the new technol- 
ogies. Complicated variations exist among the 
technologies ir. terms of their cost, lead-time, and 
environmental impacts. On one hand, AFBC and 
IGCC are very cost competitive, but their long 
lead-times and their relatively large impacts on 
the environment could make AFBC and IGCC 
hard to site. On the other hand, flexible, relatively 
benign technologies like fuel cells and photovol- 
taics are currently too costly to be deployed in 
large numbers. Actual technology choice will de- 
pend on specific utility concerns and circum- 
stances. 



CONCLUSIONS 



New electricity-generating technologies have 
the potential of being competitive with traditional 
technologies, e.g., pulverized coal, combined cy- 
cle, combustion turbines, in the 1990s. Several 
of the new technologies, specifically, small-scale 



AFBC and wind power, are in later stages of com- 
mercialization, and could provide lower cost or 
more profitable power in the early 1990s. The 
status and costs of other new technologies such 
as fuel cells and photovoltaics are uncertain. Al- 
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though these technologies are potentlaiiy com- 
petitive, uncertainties surrounding their cost and 
performance will slow deployment. 

A wide variety of cost-effective strategic options 
are also available to electric utilities. These op- 
tions include plant betterment and life extension, 
load management, and interregional power pur- 
chases. OTA analysis indicates that these options 
are extremely competitive with the traditional 
generating technologies, and are less costly than 



the new technologies. Consequently, utilities will 
probably concentrate on these options prior to 
extensive deployment of the new, developing 
technologies. 

Investment decisions concerning the new tech- 
nologies will reflect more than just cost compar- 
isons. A variety of nonquantitative characteristics, 
particularly modularity and the level and type of 
environmental impact, will influence investment 
decisions. 



APPENDIX 8A: INVESTMENT DECISION CASH FLOW MODELS 
FOR CROSS-TECHNOLOGY COMPARISONS 



Introduction 

This appendix describes the analysis method- 
ologies adopted in this assessment for: 1) utility 
levehzed busbar cost calculations, and 2) non- 
utility profitability measurement. These method- 
ologies are the basis for the cost and profitabil- 
ity estimates provided in chapter 8. The analysis 
approach in these models is a modified version 
of the Alternative Generation Technologies model 
developed by Battelle Columbus Laboratories. 1 
The modifications generally allow the model to 
more accurately calculate electric utility revenue 
requirements and nonutility profitability meas- 
ures. The estimates produced by these calcula- 
tions can be compared with utility-reported costs 
and nonutility-reported rates of return. 

Electric Utility Levelized Busbar Cost 

Since electric utilities are regulated, utility 
shareholders receive a set return on their invest- 
ment. The revenue necessaiy to produce this set 
income, often termed the revenue requirement, 
includes three major components: capital cost 
carrying charges, interest charges, and fuel and 
operating expenses. 



Capital Cost Carrying Charges 2 

The charges associated with a capital invest- 
ment can be split into three basic categories: 1) 
depreciation, 2) return, and 3) income taxes asso- 
ciated with the investment. 

An annual revenue stream is required to re- 
cover the initial capital cost of a new electric gen- 
eration facility. Book depreciation is the mecha- 
nism used to generate the funds needed for this 
carrying charge component. Book depreciation 
in year i (D bl ) is defined as 



where I is the total capital cost of the facility (in- 
cludes Allowance for Funds Used During Con- 
struction) and n b is the book life in years. Accu- 
mulated book depreciation in year i (C bl ) is the 
sum of all the previous years' depreciation, i.e. 

Cb»= %0* 12] 

The electric utility also earns a return on the 
invested capital. The return on capital in year i 
(R,) can be found by multiplying the required 
rate of return k by the remaining undepreciated 
book value of the facility. (The required rate of 



2 This section draws heavily on Peter D Blair, Thomas A V Cas- 
sel, and Robert H Edelstein, Ceothermal Energy Investment De- 

cisions and Commercial Development (New York John Wiley & 

'Battelle Columbus Division, Final Report on Alternative Gener Sons, 1982) and Philadelphia Electric Co., Engineering Economics 
ation Te< hnobgies Nov 18, 1983 (Columbus, OH Battelle, 1983) Course (Philadelphia, PA Philadelphia electric Co , january 1980) 
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Figure 8AL— Calculation of Capital Cost per 
Kilowatt-How* 




Capital cost (thousands of dol!ars/kW) 
a Shown for different capacity factors 
SOURCE Office of Technology Assessment 

return k is assumed to be equal to the discount 
rate.): 

R, - W - CJ [3] 
The third component of capital cost carrying 
charge is the income tax liability associated with 
the project. The total tax liability in year i can be 
determined by multiplying taxable income by the 
composite tax rate t. The composite tax rate (t) 
is a weighted combination of the State tax rate 
(U and Federal tax rate (t,;: 

t = t s + t,d - y 

Total taxable income is found by deducting 
debt interest (K,) and tax depreciation (D„) cal- 
culated from the accelerated depreciation sched- 
ules, 3 from the revenues received 4 : 

T = t(D bi + R, + T. - K di - D lt ) [4] 

The calculation of tax liability is complicated, 
however, by the use of accelerated depreciation. 
The use of accelerated depreciation procedures 



The assumed accelerated depreciation schedule is the Acceler- 
ated Cost Recovery System (ACRS) The ACRS schedules specify 
the fractions of initial capital cost that are depreciated each year 
For the analysis of the repeal of the ACRS system, accelerated 
depreciation is calculated by the sum of years digits formula, i e 

in,-i+ t) 

D. - I x — ! 

n,(n t + J) + 2 

where n t is tax life This formula is included in W D Marsh, fco- 
nomics of Electric Utility Power Generation (Oxford, U K Claren- 
don Press, 1980) 

4 lf the investment tax credit is used, the Tax Equity and Fiscal 
Responsibility Act (TEFRA) stipulates that total investment (I) for ac- 
celerated depreciation calculation must be reduced by an amount 
equal to one-half of the investment tax credit 



provides additional depreciation in early years 
and less in the later part of an equipment's life- 
time. Hence, income taxes are lower in the early 
years and higher in the later years, but the same 
in absolute total at the end of service life. If these 
tax depreciation benefits were "flowed-through" 
directly to customer rates, Equation [4] would an 
accurate representation of tax treatment. The Eco- 
nomic Recovery Tax Act of 1981 stipulates, how- 
ever, that tax benefits should be "normalized" 
over the life of the equipment if accelerated 
depreciation is used. When normalized account- 
ing is used, the income statement is adjusted to 
show the taxes that would have been paid if tlie 
taxes had been based on straight-line deprecia- 
tion. This adjustment complicates the calculation 
of both the return and tax components of carry 
charges. 

To accommodate the tax ramifications of accel- 
erated depreciation accounting, equation [4] can 
be rewritten as: 

T, = (t/1 - t)(R, - + D bl - D tl ) [5] 

It is often convenient to express debt interest 
in terms of return on capital, that is, total return 
(R) can be expressed as: 



R - L R, = kl [6] 



and debt interest can be expressed as: 

K dl « k d f d i [7] 

where k d is cost of debt and f d is the fraction of 
investment funded by debt. Combining Equations 
[6] and [7] results in: 

k d f d R 
k 



[8] 



Hence equation [5] can be rewritten as: 

T, - (t/1 - t)(R ( - (k d f d R,/k) + D bl - D tl ) [91 

The use of normalization accounting causes 
modifications in the return component (equation 
[3]), principally deferral of income taxes (DT,): 

DT, - t(D„ - D bl ) [10] 

This convention provides utilities with a source 
of internally generated funds, i.e., accumulated 
deferred taxes (CD,), defined by: 



CD, - i DT, 



[11] 



These funds act to reduce the return on the 
capital portion of the annual total carrying 
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charges of the facility. Hence, the return com- 
ponent originally expressed in Equation [3] 
becomes: 

R, - k(l - C bl - CD,) [12] 

This return value is used in equation [9] to de- 
termine total tax liability. Finally, carrying charges 
must account for the effects of applicable income 
tax credits which, for our purposes, assumed to 
be applied only in the first year. Total carrying 
charge (CC,) is then calculated by: 

CC, - D hj + R, + T, + (ITC X I) + (ETC X I) [13] 

where ITC and ETC are the investment tax credit 
and energy tax credit apnli ad, where applicable. 

Equations [1], [2], and [9] through [13] are im- 
plemented in the modified utility model. 

Revenue Requirement 

Total revenue requirement (RR,) is calculated 
by adding yearly debt interest and operating ex- 
penses (O,), i.e , 

RR, ~ CC, + Krf, +0, [14] 

Operating expenses include fuel, operation and 
maintenance, consumables, insurance, and prop- 
erty taxe*. The yearly level of these expenses is 
dependent on assumptions concerning initial cost 
levels and expected escalation. 

Standard present value and levelization proce 
dures are used to determine required levelized 
annual revenues and levelized busbar cost per 
kilowatt-hour from the yearly RR,. 

Comparison With Other Methods 

The resultant busbar cost is directly compara- 
ble to busbar costs reported by utilities and reg- 
ulatory commissions. An alternative technique 
uses fixed charge rates (FCR) instead of calculat- 
ing the carrying charge directly. EPRI uses this 
technique in its Technical Assessment Guide 5 
(TAG). The TAG includes tables listing FCRs for 
different equipment lifetimes, recovery periods, 
and ttV preferences. These FCRs are multiplied 
by installed capital cost to yield levelized carry- 
ing charges. Another source is the finance depart- 

s Ele<tnc Power Research Institute, Technical Assessment Guide 
(Palo Alto CA Electric Power Research Institute, May 1982), EPRI 
P-J410-SR 



ment of an electric utility, which often computes 
FCRs for internal planning purposes. While there 
is no fundamental difference between levelized 
busbar costs calculated by either method, the 
methodology presented herein more easily cap- 
tures significant revenue requirement differences 
on a year-by-year basis. Moreover, this method 
is more flexible in handling different equipment 
lifetimes, ACRS categories, and levels of capital 
intensiveness associated with alternative tech- 
nologies. 

Nonutility Profitability 

Consistent cross-technology financial compar- 
ison for nonutility electricity producers is best 
achieved with profitability measures. Although 
levelized cost values are perhaps convenient for 
comparative purposes, the financial community 
generally uses profitability measures (rate of re- 
turn, payback period, and net present value) for 
investment decisionmaking purposes. Measure- 
ments of nonutility profitability can be derived 
in a more straightforward fashion than utility rev- 
enue requirement estimation— since nonutility in- 
come and taxation calculations are not compli- 
cated by tax normalization and regulated return 
adjustments. 

The analysis technique adopted for the proj- 
ect is the standard discounted cash flow meth- 
odology accounting for the three major compo- 
nents of nonutility cash flows: revenue, operating 
costs, and after tax income. The various profit- 
ability measures are calculated based on after tax 
cash flow. 

Revenue 

The revenue achievable from a new technol- 
ogy project is assumed to be based primarily on 
prevailing utility avoided cost rates. Avoided cost 
revenue in year i (AR ( ) is based on both avoided 
energy and avoided capacity credits: 

AR, - 8760AE,CFI C + AC,I C [15] 

where AE, ($/kWh) and AC, ($/kW) are the 
avoided energy value and avoided capacity 
values, respectively, in year i (determined by ap- 
plying an assumed escalation to the base year 
value), CF is the a pacity factor, and l c is the in- 
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stalled capacity (in kW). In addition, if the facil- 
ity is a cogenerator, the thermal output is sold 
at a price equal to what it would cost to produce 
the steam in a oil-fired boiler. The thermal reve- 
nue in year i iTR,) is calculated by: 

TR, = CP, + OP, +FP, [16] 

where 

CP, = B (l O t 
OP, - O t ,o t 
FP, - F pt O t E t 

are the capital cost, operating cost, and fuel cost 
portions, respectively. B (l , O tl , and F p , are an- 
nualized capital cost, yearly operations expenses, 
and yearly fi»el price. The thermal efficiency of 
the boiler, assumed to be 88 percent is repre- 
sented as E,. Th ermal output (O,) is calculated 
by multiplying the E/T ratio (ET), the ratio of elec- 
trical output to steam and thern.dl output (ex- 
pressed in Btu(e)/Btu(t)), to installed capacity: 

O, = 34151,'H" 

Total revenue in year i (T ( ) is the sum of avoided 
cost and thermal revenue* 

T, = AR ( + TR, [17] 

Operating Costs 

Operating costs in year i, O,, consist of the 
yearly values of operation and mamtena, ex- 
penses (OM,), fuel costs (F,), insurance V .N,), 
property taas (P,), interest payments on loans 
(K, t ), and accelerated depreciation (D () ): 

(), = OM, + F, +JN, + P ( + K|, + D„ [18] 

Each of these components are based on input pa- 
rameters and are escalated where applicable. 
Depreciation is calculated the same as reported 
earlier (with adjustments for applicable equip- 
ment lifetimes in nonutility ventures). 

Interest charges are determined with standard 
loan calculation methods. The initial loan balance 
(l„) is determined by: 

I., = M 

where f, represents the fraction of the ^-oject 
financed by loans. Interest payments aie calcu- 
lated with: 

K,, « k,l, 



where k, is the interest rate on the loan, and I, 
as the remaining loan balance in year i. Loan pay- 
ments X) are calculated with the standard annuity 
equation: 

L = L u k,/(1 - (1 + k,r N ) 

where N is the length of the loan (assumed to 
be equal to equipment lifetime and book life). 
Principal payment (P,) in year i is calculated by 
subtracting interest payments from the loan pay- 
ment, P = L - K,„ and I, = l,_ t -P r 

Income and Profitability 

After tax income (AT t ) in year i is determined 
by applying taxes and tax credits to net income: 

AT, - Nl, - T fl [19] 

where net income (Nl ( ) in year i is calculated 
by subtracting operating costs from revenues, 
Nl, R, - O, - D lt -T SI . State tax in year i (T„) 
is calculated b/: 

T SI = t s (R, - O, - DJ - (STC x l) 

where D, f is State depreciation and STC is State 
energy tax credit. Federal tax (T fl ) is calculated 
by: 

T(, = tNI, - (ITC X 1) - (ETC X I) 

where ITC and tTC are the applicable tax credits 
defined earlier. 6 

After tax cash flows (CF) are then calculated 
by: 

CF, - AT, + D t + (ITC X I) - (ETC X 1) - P, [20] 

In addition, the investment and energy tax 
credits are added to the initial year cash flow. 

The profitability measures (internal rate of 
return, payback period, and net present value) 
can be calculated from this stream of cash flows 
using standard procedures. The internal rate of 
return is the expected percentage return on in- 
vested capital. Firms will often set a required IRR 
level (i.e., the "hurdle r< .o") which a project must 



6 An additional form of tax credit has been proposed for renewa- 
ble technologies, the production tax credit This tax credit is based 
on the electricity generated by the facility. For the tax policy anal- 
ysis conducted »n ch 8, the production tax credit is calculated by 
multiplying a tax rate in cents/kwh times generation in kWh The 
tax policy aiscussion assumes that the credit stops being applied 
when the cumulative credit eq-ials the current energy ( redit value. 
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meet when making new investment decisions. 
The length of the project's payback period, the 
number of years necessary for project revenues 
to payback the initial outlay, is also used as a 
screening tool. Net present value provides infor- 
mation on: 1) whether the project will provide 



positive returns after discounting for the time 
value of money, and 2) the relative level of in- 
come provided by the pro»<?ct. All of these tools 
can be used to compare alternative investment 
projects. 
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Chapter 0 

The Commercial Transition for 
Developing Electric Technologies 



INTRODUCTION 



This chapter discusses past development of the 
electric generating and storage technologies ex- 
amined in this assessment, and discusses their 
ccmmerciai outlooks. Factors which constitute 
serious impediments to widesf read commercial 
deployment in the 1990s— assuming a demand 
for additional generating or storage capacity* — 

'This assumption is an important one, as a general jack of de- 
mand for additional generating capacity could itself constitute the 
major impediment to the deployment of the technologies in the 
1990s 



are identified. Deployment levels will depend on 
a combination of changes in cost, performance, 
uncertainty, and other changes in the commer- 
cial environment within which the technologies 
are developing. 



STATUS AND OUTLOOK FOR THE DEVELOPING TECHNOLOGIES 



Solar Photovoltaics 
History and Description of the Industry 

Photovoltaic cells (PVs) first were developed in 
the 19th century. In the 1950s and 1960s, a com- 
bination of technical breakthroughs and the need 
to power spacecraft stimulated substantial cost 
reductions, performance improvements and wider 
applications. During this period, Federal support, 
channeled primarily through the space program, 
was the dominant stimulus to the technology's 
progress. 

In the 1970s PVs entered larger terrestrial mar- 
kets, the most important of which was power gen- 
eration in remote locations. A notable trend dur- 
ing the 1970s was the growing support for PVs 
by large petroleum-based companies and the 
FeHeral Government. In 1978, Federal support 
was solidified by the passage of several key laws 
which provide for a program of research, devel- 
opment, and demonstration and for d' ect Gov- 
ernment purchase of large numbers of solar cells. 2 

'The most important laws were 1) the Federal Photovoltaic Uti- 
lization Act of 1978 (Public Law 95-619, Part 4), 2) the Solar Photo- 
voltaic Energy Research, Development, and Demonstration Act of 
1978 (Public Law 95-590), and 3) the Department of Energy Act 
of 1978 (Public Law 95-238, Section 208) 



From 1 980 to 1 985, about id laboratories across 
the country were conducting PV research. 3 By 
1985, the price of PV modules decreased 80 per- 
cent (in constant dollars) from $35,400/kWe in 
1976 to $7,000/kWe in 1984; performance also 
improved markedly. The volume of sales increased 
rapidly as world PV shipments increased over a 
hundredfold from 240 <We in 1976 to 25,000 
kWe in 1984. Total revenues increased twenty- 
fold, from $6.8 million to $1 74 million during the 
same period. 4 

In the 1980s the PV industry changed consider- 
ably. By 1985, the industry consisted mainly of 
companies which were affiliated with largo mul- 
tinational petroleum-based corporations. By the 
early 1 980s, many companies sought to concen- 
trate their operations towards the raw materia! 

J Larry N Stoiaken, "A New Generation of Photovoltaics Com- 
mercialization Efforts Cain Momentum," Alternative Sources of 
Energy, vol. 67, May/June 1984, pp. 6-15 

4 See I) Strategies Unlimited, Analysis of Equipment Manufac- 
turers and Vendors in the Electric Power Industry for the 1990s 
Wind Turbines, Solar Thermal Electric, Photovoltaics (Mountain 
View, CA Strategies Unlimited, December 1984), OTA contractor 
report 2) Paul D. Maycock and Vic S Sherlekar, Photovoltaic Tech- 
nology, Performance, Cost and Market Forecast to 1995. A Strate- 
gic Technology & Market Analysis (Alexandria, VA: Photovoltaic 
Energy Systems, Inc , 1984) 
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end of the production process, emphasizing cell 
or module production. At the other end of the 
production chain, however, decentralization oc- 
curred, i.e., companies sold off or closed down 
operations involving other system components 
than the PV arrays themselves. As the technol- 
ogies developed and market prospects changed, 
businesses also shifted emphasis among the differ- 
ent PV systems. 



The market during the first half of the 1980s 
is depicted schematically in figure 9-1 . During this 
period the United States dominated world pro- 
duction, with Japan ranking a distant second. The 
end-use markets for 1984 are broken down in 
table 9-1 . The table highlights the importance of 
the U.S. central station market both as a fraction 
of the U.S. market and of the world market. The 
application of the Public Utility Regulatory Pol- 



Figure 9-1 —1984 World Photovoltaics Supply 




18.5 MWp 

SOURCE Stretsgles Unlimited, "An sly sis of Equlpr- M Manufacturers and Vendors In the Electric Power Industry for the 1990s," contractor report prepered for the 
Office of Technology Assessment, US u /ess (Mounteln View, CA Strategist Unlimited, Dec 7, 1964) 
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Table 9-1.— Estimated Magnitude of End-Use Markets 
for Photovoltaics, 1984 





MWe(p) shipped 


Market sector 


worldwide 


World consumer products 


5 


U.S. off-the-gnd residential 


2 


world OTi-ine-gna rural 


n o 
U c 


Worldwide communications 


5 


Worldwide PV/diesel ... 


2 


U S. grid-connected residential 


01 


U S central station and third-party 




financed projects . . 


10 


Total MW . . . 


24 3 


Japanese grid-connected 




Total MW . . 


25~ 


Price ($/Wp) 


$7 


Revenues ($ M) . . 


$175 



SOURCE Paul D May cock and Vic S Sherlekar, Photovoltaic Technology, Per 
formance Cost and Market Forecast to 1995 A Strategic Technology 
and Market Analysis (Alexandria. VA Photovoltaic Energy Systems. 
Inc . 1984) 



icies Act of 1978 (PURPA) and favorable Federal 
and State (especially California) tax policies was 
very important in encouraging the deployment 
of photovoltaics in these facilities. 

Federal support for photovoltaics during the 
first half of the 1980s shifted considerably in em- 
phasis. Direct expenditures in support of photo- 
voltaics declined in importance after peaking in 
1980-81, but they continued to have a substan- 
tial effect on the development of the technology 
(see table 9-2). While the Federal Government 
has concentrated on high risk research and de- 



velopment (R&D) with potentially high payoffs, 
some direct support was provided elsewhere. Ex- 
port promotion was recognized as an important 
element in any program to encourage photovol- 
taics and assumed a more prominent position 
among Federal efforts in the 1980s. The Federal 
Government also continued to support a major 
demonstration project in California. As di/ect Fed- 
eral support declined, indirect support for photo- 
voltaics through tax incentives increased during 
this period and strongly influenced fne rate of 
progress in the industry. 

Industry Outlook and Major Impediments 

The 1990s likely will witness rapid growth in 
the application of hybrid photovoltaics/diesel 
power systems in remote areas, primarily over- 
seas. Indeed, this market could dominate world 
PV deployment during the period. Also very im- 
portant will be grid-connected PV plants in the 
United States and in Japan. At the same time, the 
worldwide communications and consumer-prod- 
ucts markets will continue to be of major signifi- 
cance to the industry. The magnitude and rela- 
tive importance of different market segments, and 
the character of the industry itself, will depend 
heavily on whether or not the Federal Renew- 
able Energy Tax Credit (RTC) is extended beyond 
1 985. The exact effect of either action, however, 
is difficult to accurately predict. 



Table 9-2.— Federal Program Funds in Support of Developing Technologies (millions of dollars) 



Year 



Technology 


1975 


1976 


1977 


1978 


1979 


1980 


1981 


1982 


1983 


1984 


1986 

1985 (requested) 


Wind 


79 


14.4 


27 6 


35 5 


59.6 


63 4 


546 


34 4 


31.4 


26.5 


29.1 


20.8 


Photovolta^s 


52 


21.6 


59 7 


76.2 


104.0 


150.0 


152 0 


74 0 


58.0 


504 


57.0 


44.8 


Solar thermal 


132 


20 6 


79.1 


1147 


109.3 


135.0 


120.0 


56.0 


50.0 


43.9 


35 5 


28.4 


Geothermal . . 


280 


78 3 


76.7 


132 9 


188 4 


171.0 


1563 


866 


73.6 


30.5 


321 


12.0 


AFBC 


2 0 a 


7.0 


21.2 


24 5 


23 6 


25.9 


11 4 


03 


49 


1.4 


18.7 


17.3 


Surface coal gasification 1 * 


























(includes IGCC) 


116.3 


1177 


143.2 


208.2 


122.4 


123 3 


70 0 


54.2 


39 0 


36.5 


32.0 


150 


Fuel cells 0 


n/a 


30 


17.8 


33.0 


41.0 


26.0 


32.0 


34.5 


29.9 


42.3 


40.8 


93 


Batteries* . 


29 


6.8 


9.7 


11.2 


15.3 


20 3 


13.9 


129 


12.8 


12.8 


8.4 


6.3 


CAES 


00 


0.6 


1 2 


4.5 


4.5 


32 


21 


20 


0.0 


0.0 


0.0 


0.0 


Total ... 


. 1755 


270 0 


436 2 


640 7 


6681 


718.1 


612.3 


354.9 


299 6 


2M.3 


253 6 


153 9 



■OTA estimate "~ 
b Does not include support from the Synthetic Fuels Corp 

^Includes funding for ail fuel cells R&D and is not restricted to phosphoric acid fuel cells 

d The funding levels listed are the estimated levels o< support for all stationary batteries. Including but not restricted to lead-acid batteries and znc-chlor'de batteries 
The estimates assume that roughly 50 percent of the funding for DOE'S Electrochemical Program is applicable to stationary batteries 



SOURCE U S Department of Energy, Conflres^ona/ Budget Request FY 1 966 (Washington, DC U b government Printing Office. 1W5) and the corresponding docu- 
ments for preveious years 
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If the RTC is not extended in any fom, the 
overall level of deployment is likely to be greatly 
diminished and it is likely that the largest mar- 
kets would be the worldwide FY diesel markets 
and grid-connected applications in Japan. Impor- 
tant, but considerably smaller markets would be 
world consumer products, remote communica- 
tions systems, and, finally, grid-connected power 
systems in the United States. 

Termination of the tax credits v/ould have espe- 
cially severe effects on grid-conn ?cted central sta- 
tion applications involving third-party ownership. 
According to one analysis, this sector by the end 
of 1 986 would shrink by 35 to 85 percent of what 
it would be with a continuation of the tax credit; 
by 1990, it would be 5 to 10 times smaller (see 
table 9-3). 5 

The character of the industry might change as 
well, with the larger companies in the business 
withdrawing or greatly reducing their involve- 
ment. As a result of depressed oil prices, the oil 
companies are already cutting back their involve- 
ment outside of the petroleum industry. 6 Less 
favorable tax treatment of PV investments could 
cause these firms to scrutinize their commitment 
to photovoltaics even more closely. 

Smaller firms, particularly those heavily de- 
voted to the central station market, may be hit 
hardest. Of special importance is the small sog- 



s jet Propulsion Laboratory, Effects of Expiration of the Federal 
Energy Tax Credit on the National Photovoltaics Program (Pasadena, 
CA jet Propulsion Laboratory 1984), DOE/ET-20356-1 5 

b Winston Williams, "Big Oil Starts Thinking Smaller," New York 
Time*.. Mar 17 1985, sec 3 (Business), pp Iff 



ment of the industry dedicated to the concen- 
trator technologies. Several of these companies 
are quite small. Expiration of the RTCs is likely 
to severely affect these businesses, greatly limit- 
ing the deployment of this promising PV option 
in the 1990s. 7 Industry dominance could then 
pass swiftly to the Japanese and the Europeans, 
whose aggressive and effective PV programs 
could enable them to dominate overseas markets, 
and, perhaps, even to capture a large portion of 
U.S. central station markets by the end of the 
century. 

If, however, the tax credits are extended in 
some form, the results could be quite different. 
First, and most directly, for a given photovoltaic 
system, the level of demand in the Uniied States 
could be higher than it otherwise wouid ue. Sec- 
ond, the actual cost and performance of PV sys- 
tems would improve, as the higher demand stim- 
ulated innovation and high volume production. 
This in turn could encourage growth in demand 
both in the United States and overseas. Finally, 
larger deployments in the near term would in 
many othe- ways accelerate subsequent deploy- 
ment of photovoltaics. The infrastructure neces- 
sary to produce, deploy, and operate PV systems 
would develop more rapidly, overall experience 
with the technology would be greater, and insti- 
tutions— e.g., utilities, public utility commissions, 
local permitting authorities, and others— could 
adapt sooner to the technology. 



7 )et Propulsion Laboratory, Effects of Expiration of the Federal 
Energy Tax Credit on the National Photovoltaics Program, op at., 
1984 



Table 9-3 — Projected 1986 Photovoltaic Shipments by Domestic Manufacturers 





With tax cr6dit expiration 


With extended tax credits 




Shipments 


Share of market 


Shipments 


Share of market 


Market sector 


(MW) 


(percent) 


(MW) 


(percent) 


Residential, non-grid-connected 


5 


12.5-7.7 


8-10 


10.0-3.3 


Residential, grid-connected 


1 


2.5-1.5 


2-5 


2.5-4.2 


Electric utility (third party) . 


10-25 


25.0-38.5 


40-60 


50.0 


Water pumping ... 


23 


5.0-4.6 


3-7 


3.8-5.8 


Communications 


7-9 


17.5-13.8 


9-11 


11.2-9.2 


Other industrial (includes government 










experiments) 


5-7 


12.5-10 8 


8-12 


10.0 


International 


10-15 


25 0-23 1 


10-15 


12.5 


Totals 


40-65 


100.0:00.0 


80-120 


100.0-100.0 



SOURCE Jel Propulsion laboratory. E Itacta of Expinllon of the Ftdtrtl Energy Ttx Cradll on the Ntllontl I'rotovoUttca Progrim (Psssdsns, CA Jtt Propulsion L«borstory, 



1984) OOE/ET 20356 15 



9 

ERIC 



26 V 



Ch. 9— The Commercial Transition for Developing Electric Technologies • 257 



The cumulative effect of extension of the RTC 
on market size and distribution could be consid- 
erable. Virtually all market segments would be 
larger, some considerably more important than 
they otherwise might be. Dramatic growth could 
occur in the volume of sales of photovoltaics for 
use in PV/diesel hybrid systems in remote over- 
seas applications. This market quickly could 
come to dominate the international PV market. 
The U.S. central station market would also be 
much larger. 

Extension of the RTCs also will affect ihe rela- 
tive importance of different PV designs. Rapid 
growth in the deployment of concentrator sys- 
tems could be stimulated, along with other sys- 
tems that are favored in central station appli- 
cations. 

Continuation of Federal tax support also could 
strengthen *he position of U.S. manufacturers 
over foreign competitor;— both here and over- 
seas. Overseas competitors, especially the Japa- 
nese, are moving rapidly ahead in PV— often with 
the support of their governments. Tax credit sup- 
port could serve to slow the erosion of the U.S. 
position in the industry and perhaps even reverse 
the trend. 

While the issue of the RTC dominates current 
discussion of the outlook for the photovoltaics 
industry, a broad range of other factors will af- 
fect the prospects for photovoltaics during the 
1990s. These are discussed below. 

Equipment Cost and Performance.— If PV sys- 
tems in the 1990s were identical to those avail- 
able today, they probably could not compete ex- 
tensively and successfully with the alternatives in 
U.S. grid-connected applications. Current levels 
of cost and performance are too high. Invest- 
ments in both R&D and in industrial capacity to 
mass produce the technology will be required. 
The present status of the technology and the 
changes necessary for extensive commercial ap- 
plication in the 1 990s are d'scussed in chapter 4. 

The Risk of Obsolescense— The technologies 
of photovoltaics are evolving rapidly. This rapid 
rate of change may discourage would-be inves- 
tors from investing in production lines out of fear 
that their investments could quickly become out- 
dated in the event of technological breakthroughs. 



Some industry observers think that this is the rea- 
son the U.S. industry has been reluctant to invest 
in the facilities necessary to mass produce crys- 
talline silicon modules. Instead, it largely has 
opted for the longer term payoff which might be 
obtained from the less mature amorphous silicon 
technology. Should progress in the amorphous 
technology prove slower than expected, the rela- 
tive lack of emphasis in the U.S. industry on com- 
mercial production of crystalline silicon may de- 
lay commercial deployment of photovoltaics, and 
foreign competitors, most likely the Japanese, 
may seize the opportunity to increase their mar- 
ket share by selling crystalline silicon modules in 
the United States and abroad. 8 

Solar Resource Assessment.— The current 
knowledge of the solar resource in the United 
States is insufficient for the optimum design and 
siting of PV plants. The best available informa- 
tion is the SOLMET data, based on several years 
of readings at 26 sites. 9 The SOLMET data gives 
monthly averages of solar insolation for each hour 
at typical geographic locations. 

While such figures are useful for calculating 
generic capacity factors and peak system outputs 
for a particular region, the characteristics of a par- 
ticular site may be significantly different than the 
average. Before utilities can integrate photovol- 
taics into their operations, they must have a 
detailed understanding of PV operating dynamics, 
based on a minute-by-minute understanding of 
the insolation patterns at a site. 10 

Also, to optimize the design of PV modules, it 
will be necessary to understand much more 
about the detailed spectral and directional dis- 
tributions of light energy as a function of time- 
of-day and day-of-the-year. Such information not 
only influences the decision of whether or not 
tracking systems are cost effective, but it also af- 
fects the detailed design of the cells, since the 



a Roger G Little, President, Spire Corp testimony presented in 
hearings held by the Subcommittee on Energy Development and 
Applications, House Committee on Science and Technology, U.S 
Congre s, The Stttus of Synthetic Fuels and Cost-Shared Energy R&D 
Facilities (Washington, DC U.S Government Printing Ofice, 1984), 
No 116, June 6, 7, and 13, 1984, pp 386-389 

"Roger Taylor, Photovoltaic Systems Assessment An Integrated 
Perspecx ve (Palo Alto, CA Electric Power Research Institute, Sep- 
tember 1?83), EPRf AP-3176-SR 
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light absorption and current carrying capacity of 
these cells must be carefully matched to the so- 
lar spectrum. 11 

Cost and Performance Data.— A serious ob- 
stacle to timely deployment of photovoltaics in 
any application is the lack of accurate and use- 
ful information about the technology and its eco- 
nomics. What are the specific capital costs cf a 
specific PV system? How will it perform at a spe- 
cific locality? What kinds of operatingand main- 
tenance expenses might be incurred? This prob- 
lem already has been an obstacle in overseas 
applications where investors often do not know 
enough about PV cost and p r ;formance or lack 
the analytical means to adequately compare pho- 
tovoltaics to conventional alternatives. 12 

Standards.— The lack of standard definitions, 
testing methods, and other criteria relating both 
to PV modules and balance of system equipment 
reportedly has hindered development and de- 
ployment. It is thought by some that the appli- 
cation of standards ultimately will expedite the 
commercial application of the technology. Sev- 
eral groups are working on such standards, 
though who should set and enforce them is a 
matter of considerable controversy within the in- 
dustry. 

Warranties.— The extent to which warranties 
are available, and the nature of such warranties, 
will strongly affect the commercial success of PV 
systems in the 1990s. It was not until late 1984 
that anyone in the industry offered even a limited 
warranty and an Underwriters Laboratories list- 
ing for a PV module. 13 Vendors will be reluctant 
to provide strong extended warranties until the 
technology has been adequately proven in real 
conditions. This requirement likely will put rela- 
tive newcomers such as amorphous-silicon mod- 
ules at a disadvantage until sufficient experience 

1 'OTA staff interview with Charles Gay, Vice President, Research 
anc development, ARCO Solar, Inc , Aug 10, 1984 

,2 For example, see Clyde Ragsdale, manager of Marketing for 
Solavolt International, testimony presented to the Subcommittee 
on Energy Development and Applications, House Committee on 
Science and Technology, U S Congress, Hearing on the Current 
State and Future Prospects ol the U S Photovoltaics Industry, Sept 
19, 1984 

u "Slants and Trends,' Solar Energy Intelligence Report, vol 10, 
No 43, Oct 29, 1984, p 339 
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is built up. 14 The ability to provide extended war- 
ranties will be influenced greatly by the amount 
of capital av jlable to the industry, which in turn 
will depend on market size and profit margins. 

Utility Energy and Capacity Credits, and In- 
terconnection Requirements.— Grid-connected 
PV plants can be owned by utilities or by others. 
As discussed earlier with wind systems, low energy 
credits, low capacity payments, and stringent in- 
terconnection requirements discourage deploy- 
ment by nonutilities. Even where the possibility 
exists that credits could drop during the lifetime 
of a project, investment is discouraged. Also, any 
difficulties (such as delays) encountered in seek- 
ing to obtain favorable credits or interconnection 
requirements discourages nonutility deployment. 

Overseas Markets.— Overseas markets will 
serve to encourage mass production of PV sys- 
tems and hence lower costs. The larger market 
also will serve to indirectly stimulate technical de- 
velopment which could lead to further reduced 
costs or improved performance. As a result of 
such improvements the exploitation of overseas 
markets could help ensure that U.S. -made sys- 
tems remain competitive in the domestic market. 

Current evidence suggests that the U.S. photo- 
voltaics industry is not as successful as it could 
be in overseas markets; as mentioned earlier, the 
situation will be exacerbated with the scheduled 
termination of the renewable energy tax credits. 
Meanwhile, competitors— especially the Euro- 
peans and the Japanese— are more actively and 
successfully developing these markets, often sup- 
ported by favorable government programs. Fail- 
ure to fully exploit export markets could slow the 
development of U.S. photovoltaics, extend the 
period required before extensive grid-connected 
applications will occur, and increase the likeli- 
hood that large segments of the U.S. market will 
eventually be served by foreign vendors. 



u "Intense Competition Among Five Silicon Technologies Seen 
for PV Maycock," Solar Energy Intelligence Report, Apr 2,1984, 
p 110 



26y 



Ch. 9— The Commercial Transition for Developing Electric Technologies • 259 



Solar Thermal Electric Plants 

History and Description of the Industry 

By 1879, the French had converted solar radi- 
ation into thermal energy and produced small 
quantities of electric power. Though this work led 
to the operation of several demonstration units, 
the devices proved to be prohibitively expensive 
to build and operate, and the idea of producing 
electric power from solar thermal energy was 
largely abandoned. Not until nearly 100 years 
later was heat derived from the Sun widely con- 
sidered as a means of producing electric power. 15 

A variety of solar thermal electric technologies 
are now being developed. But as discussed in 
chapter 4, their current status and prospects dif- 
fer substantially. The solar pond technology faces 
many limitations that make widespread commer- 
cial application within this century unlikely. The 
prospects for three other technologies— central 
receivers, parabolic troughs, and parabolic dishes 
—are brighter. The histories of these technologies 
in the United States have been shaped by the 
Federal role in their development. Their prospects 
in the 1990s likewise probably will also depend 
heavily on Federal activity between now and the 
end of the century. 

Direct Federal sponsorship of the technologies 
rose rapidly in the 1970s, spurred by the desire 
to develop technologies which were less vulner- 
able to fuel disruptions and price increases, and 
which had less severe environmental impacts 
than many conventional technologies. But direct 
Federal support has declined from $1 35 million 
in 1980 to iessthan $36 million in 1985 (see ta- 
ble 9-2). The impact of the decline was offset in 
part by an increase in indirect support in the form 
of tax incentives during the first hal.'ofthe 1980s. 
The effects of conservation, which moderated 
conventional fuel prices, also dampened the 
prospects for near term-commercial success. 

During the latter half of the 1 970s and the early 
1 980s, the central receiver technology progressed 
rapidly, culminating in 1982 with the operation 
of a 10 MWe pilot plant, the Solar One pilot fa- 



,s Ken Buth and john Perlin, A Golden Thread (New York Van 
Nostrand Remhold Co , 1980) 



cility. Eighty percent of that project's costs were 
paid by the Department of Energy (DOE). The 
plant, while not of commercial scale, has oper- 
ated quite successfully. 

Private sector involvement in the central re- 
ceiver technology has primarily involved electric 
utilities as well as equipment developers and ven- 
dors. These and other private investors, however, 
have been unwilling to invest in a commercial 
plant without Government subsidy, until they had 
evidence of a successfully operating close-to- 
commercial unit. Yet neither the private nor pub- 
lic sector participants, alone or in cooperation 
with each other, have been willing to finance a 
commercial demonstration unit. Various parties 
have sought ways around this impasse; others 
have disbanded and moved away from the tech- 
nology, assuming that the combined effects of 
Federal spending cutbacks, the impending expira- 
tion of the renewable energy tax credits, and 
other factors preclude extensive commercial de- 
ployment in the near term. 16 By mid-1985, work 
on the central receiver technoloay was confined 
primarily to federally supported research and de- 
velopment at DOE's Central Receiver Test Facil- 
ity and on federally funded efforts at the Solar 
Energy Research Institute to develop low cost and 
durable heliostats. 

The parabolic troughs, meanwhile, progressed 
much further into the market place. By the early 
1980s, the Federal Government had funded nearly 
a dozen experiments and demonstrations. The 
technology had reached the point where it was 
nearly ready for commercial applications. 

The relatively short lead-time of the technol- 
ogy allowed the Luz Engineering Corp. to initi- 
ate two projects which could be completed soon 
enough to exploit the Federal renewable energy 
tax credits even if they expired as planned at the 
end of 1985. Because the projects were in Cali- 



che central receiver teams at Martin Marietta, Boeing, Rock- 
well, and to a large extent McDonnell Douglas are being disbanded. 
In addition, the government and utility support teams at Sandia 
Livermore, Sandia Albuquerque, jet Propulsion Laboratory and Elec- 
tric Power Research Institute also are being disbanded and the per- 
sonnel being transferred to other positions See Strategies Unlimited, 
Analysis of Equipment Manufacturers and Vendors in the Electric 
Power Industry for the 1990s Wind Turbine*. Solar Thermal Elec- 
tric. Photovoltaics, op cit , 1984) 
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forma, they could also enjoy State tax incentives, 
favorable solar insolation levels, and high utility 
avoided cost energy payments. In December 
1 984, the first of the two plants, known as Solar 
Electric Generating System-I (SEGS-I) and capa- 
ble of producing 13.8 MWe, had begun operat- 
ing. By February 1985 construction of a second 
33 MWe plant (SEGS-II) was initiated and was ex- 
pected to begin operating by late 1985 or early 
1986. Luz designed these systems, coordinated 
the projects and was an investment partner in 
them. The remainder of the investment was pro- 
vided mostly by large institutional investors 
through a limited partnership. The system's per- 
formance was guaranteed for 20 years by Luz In- 
dustries (Israel) Ltd., the parent firm, which also 
provided an insurance policy for the project. 
Southern California Edison agreed to purchase 
the power for 30 years. Other than the Luz 
projects, private sector involvement in the trough 
technology is limited. 

Federal support for parabolic dishes developed 
somewhat later than for the central receiver and 
troughs. As a result, their development has lagged 
behind that of the other sola r thermal electric 
technologies. However, the eiforts of over half 
a dozen firms, coupled with direct Federal sup- 
port and other favorable conditions (including 
Federal and State tax incentives and the provi- 
sions of PURPA) fostered rapid development of 
the technology, especially during the first half of 
the 1980s. Notable was the fact that among the 
firms whose support of parabolic dishes increased 
during the period were several who previously 
concentrated on either the central receiver or 
parabolic troughs 17 

By mid-1985, a privately financed commercial 
dtsh facility had been installed by the Lajet Energy 
Co. in southern California. It was financed by the 
parent company, La Jet, Inc.— a privately held 
petroleum exploration, drilling, and reining com- 
pany—and through limited partnerships. Mean- 



1 'McDonnell Douglas, now a major supporter of the dish tech- 
nology, previously was heavily involved with the central receiver 
Acurex Solar Corp presently is emphasizing dish technologies too, 
after hav mg focuseti its solar thermal electric efforts on trough tech- 
nology Acurex still is working on trough technology, but »t is em- 
phasizing the use of the technology for industrial process heat or 
cogent* rat ion 



while, other commerc ialization efforts were pro- 
ceeding, the most important of which appeared 
to be the joint venture of McDonnell Douglas, 
an aerospace corporation active in the energy 
field since the early 1970s, and United Stirling, 
AB, a Swedish manufacturer of Stirling engines. 

Industry Outlook and Major Impedimenta 

As discussed in chapter 4, widespread commer- 
cial deployment of solar thermal electric technol- 
ogies is unlikely unless costs are reduced, and 
performance improved. Moreover, investor in- 
terest is not likely to be forthcoming until per- 
formance is demonstrated. 

As with photovoltaics, wind, and geothermal 
technologies, the Federal Government's policies 
strongly influence the outlook for the solar ther- 
mal electric industries. Without either an increase 
in direct Federal sjpport or an extension of the 
renewable energy tax credits beyond 1985, none 
of the solar thermal technologies is likely to be 
used much commercially in the 1990s. 18 After 
1985, the limited solar thermal electric industry 
which exists today is likely to shrink rapidly. The 
commercial activities of Luz in solar troughs and 
La Jet in parabolic dishes probably would be cut 
back substantially, as would the efforts of other 
smaller, entrepreneurial companies in the indus- 
try. Only the largest companies may be able to 
sustain the involvement required to successful 11 / 
deploy the technology in the 1990s. 19 

Even with increased direct Federal support and 
favorable tax policies, with the necessary cost and 
performance improvements, and with commer- 

,8 This was reflected in the testimony of Frank F Duquette be- 
fore the U S Congress on Mar. 1, 1984 He stated that 

The nearer term technology at this stage of development, still re- 
quires Federal support to reduce technical risk and validate com- 
mercial or near commercial applications Private industry is unable 
to assume the entire burden of completmg the R&D tasks remaining 
for this current generation of technologies 
(Frank F Duquette, Chairman, Solar Thermal Division, Solar Energy 
Industries Association, testimony presented to the Subcommittee 
on Energy Development and Applications, Committee on Science 
and Technology, U S Congress, Mar. 1, 1984 ) 

19 See 1) Strategies Unlimited, Analysis of Equipment Manufac- 
turers and Vendors in the Electric Power Industry for the 1990s. 
Wind Turbines, Solar Thermal Electric, Photovoltaics, op at , 1984, 
2) Peter B Bos and Jerome M. Weingart, Impact of Tax Incentives 
on the Commercialization of Solar Thermal Electric Technologies 
(Livermore, CA Sandia National Laboratories, August 1983), SAND 
83 8178 
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cial demonstrations, success is still by no means 
guaranteed for these technologies in the 1990s. 
There are other potential impediments to their 
deployment. Among these might be problems re- 
lating to energy credits, capacity payments, and 
interconnection requirements. Problematic too 
could be the lack of widespread experience with 
the technology; and licensing and permitting de- 
lays (among which extensive land impacts and 
access to water might figure importantly). 

In some cases, problems also may develop with 
regards to the Fuel Use Act. The leading trough 
technology, that employed at the SEGS-I and II 
plants in California, requires natural gas to sup- 
plement the solar energy in producing steam for 
the steam turbines. Currently, the Fuel Use Act 
prohibits the use of gas and oil in many new gen- 
erating facilities except under special conditions. 
While exemptions to the law may be obtained, 
the law could delay or even prohibit construc- 
tion of oil- or gas-using facilities. 

The following sections discuss for each tech- 
nology some of these impediments as well as 
problems which are crucial to the individual tech- 
nologic. 

Central Receivprs.— For the central receiver 
technology, one impediment stands out among 
all others— the l?ck of a commercial-scale dem- 
onstration plant. Unless such a plant is initiated 
very soon and begins operating before the end 
of the decade, the prospects for this technology 
in the 1990s are very limited Should a demon- 
stration plant be initiated later than this, it will 
be extremely difficult in the time remaining to 
overcome the many other obstacles blocking sig- 
nificant contribution by this technology to power 
production in the 1990s. In particular, the lack 
of a commercial demonstration project in the 
near future is likely to lead to the continued dis- 
banding of organizations originally established to 
deploy bom a demonstration plant and subse- 
quent commercial units. 

Several attempts to finance demonstration units 
by private sources have been initiated but have 
failed. Hence, it appears unlikely that such plants 
will be built without Government support. 20 

;o The need for further government support repeatedly surfaces 
both in the literature and in conversations with knowledgeable in- 



Without timeiy Government action, this technol- 
ogy' s prospects are likely to be severely limited 
during- the 1990s. Other major impediments 
which could limit deployment, even if there is 
prompt construction of a demonstration plant, 
are: 1) the high cost of heliostats, 2) technical 
problems with the central receiver and other 
components, and 3) various nontechnical prob- 
lems relating to such things as licensing and per- 
mitting. 

Parabolic Troughs and Dishes.— Unlike the 
ponds and central receivers, parabolic dishes and 
parabolic troughs, financed by private investors 
assisted by State and Federal renewable energy 
tax credits, already have been deployed and op- 
erated in commercial-scale units. Both for dishes 
and troughs, the combination of cost and per- 
formance characteristics and numerous uncer- 
tainties at present mitigate against private sector 
investment that is not in some manner accom- 
panied by Government support. How these con- 
ditions will change over the next 5 to 10 years 
will depend on the interaction of a complex of 
variables. Estimates and opinions of what will 
happen range widely; each technology and each 
particular subvariety of technology has its propo- 
nents and detractors. 

Generally speaking, capital costs must be re- 
duced and performance improved if the technol- 
ogies are to be deployed widely. To some extent, 
this can be fostered by research oriented towards 
incremental improvements of the commercial- 
scale systems now operating. Also necessary will 
be adequate information on the solar resources. 
And if the technologies are to be extensively de- 
ployed in the 1990s, perhaps the most pressing 



dividuals See for examp'?- 1) L K Ives and W W Willcox, "Eco- 
nomic Requirements for Central Receiver Commercialization," 
Pror • -imgs ofSTTF (Solar Thermal Test Facility) Testing for Long 
Term systems -Performance Workshop, Jan 7-9, 1964 (Albuquer- 
que, NM National Technical Information Service, July 1984), PC 
A15/MF A01, pp 61-67, 2) Edgar A DeMeo, "Molten Salt Solar- 
Thermal Systems," EPRl Journal, vol. 8, No. 12, December 1983, 
pp 38-41, 3) McDonnell Douglas, "Response by McDonnell 
Douglas to General Workshop Discussion Questions," submitted 
to OTA in response to written questions submitted in connection 
with OTA Workshop on Solar Thermal Electric Technologies, 1984; 
4) Arizona Public Service Co , et at , Solar Thermal Central Receiver 
Development Plan forMo^en Salt Technology, mimeo, prepared 
for U S Department of Energy, Jan *1, 1984; and 5) C J Wein- 
berg (Pacific Gas & Electric), letter to Howard S Coleman (Depart- 
ment of Energy), dated Dec 21, 1984 
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need is to reduce uncertainty and to increase de- 
mand to the point where economies of scale can 
drive costs down. 

The extent to which uncertainty will be re- 
duced by the 1990s depends heavily on the 
amount of additional capacity installed for each 
of the systems during the next 5 years. Should 
the tax credits be extended, additional trough and 
dish systems probably will be installed, serving 
to reduce considerably the importance of uncer- 
tainty as an impediment to commercial deploy- 
ment. The mounted-engine dishes in particular— 
where uncertainty nov\ is especially great— could 
benefit from greater deployment of commercial- 
scale units, and improved commercial prospects 
might result. Under such conditions, the mounted- 
engine parabolic dishes could eliminate the cur- 
rent lead enjoyed by parabolic troughs among 
the solar thermal technologies. If the engines per- 
form well, the parabolic dish technology could 
provide serious competition to the troughs and 
to other generating alternatives in the 1990s. 

Without either sizable tax credits or greater di- 
rect Government support, however, fewer and 
perhaps no additional trough or parabolic dish 
units may be installed. Indeed, the private enter- 
prises which are presently pursuing the technol- 
ogies may completely cease activities in support 
of the technologies altogether. Our market anal- 
ysis suggests that only one of the parabolic dish 
developers is likely to maintain a significant ef- 
fort to support the technology if the renewable 
energy tax credits cease to be available at the ond 
of 1985. 21 

Wind Turbines 
History and Description of the Industry 

Wind turbines first were jsed to generate elec- 
tricity in Denmark nearly 100 years ago. Latt«' 
in the early 1930s through the late 1950s the tech- 
nology was deployed in the United States, pre- 
dominantly in rural areas. As transmission lines 

21 Strategies Unlimited, At. ilysis of Equipment Manutacturr rs and 
Vendors in the Electric Power Industry for the 1990s W nd Tur- 
bines, Solar Thermal Electrti, Photovoltaic s t op cit , 1°34, Peter 
B Bos and lerome M Weingart, Impact of Tax Incentives on the 
Commercialization ot Solar Thermal Electric Technologies, op cit , 
August 1983 



were extended to these areas and cheap electri- 
city provided, the wind turbines ceased to be an 
attractive option. By the 1960s and early 1970s, 
technical progress slowed to a crawl and deploy- 
ment continued at only a very low level. 

Interest in wind turbines resurfaced in the 
1970s when energy costs skyrocketed, fuel sup- 
plies became uncertain, and environmental con- 
cerns grew. The resurgence was strongest in the 
United States and in Furope, especially in Den- 
mark. During the early 1970s, major government 
programs both in the United States and abroad 
emphasized the development of large, multi- 
megawatt wind turbines, though important work 
applicable to smaller machines also was sup- 
ported. Outside of government-subsidized pro- 
grams, smaller units with ratings less than 100 
kWe were favored, as these offered the most im- 
mediate commercial applications. 

By mid-May 1985, wind turbines—mostly small 
units— with a total rated capacity of over 650 
MWe were installed nationwide. Most— about 
550 MWe— were in California's wind-farms, 
which became the focus of the woildwiHe wind 
turbine industry. Several basic interrelated ele- 
ments appear to have shaped development dur- 
ing this period. 

First, developers of the large multi-meg?w^tt 
wind turbines encountered serious technical 
difficulties In the United States, the Federal Gov- 
ernment cut back its direct support of wind re- 
search and development (see table 9-2). The in- 
dustry, heavily dependent on Federal support, 
shifted away from the large machines when the 
Federal aid receded and concentrated on small 
wind turbines which afforded a more immediate 
commercial promise. 

Second, a combination of favorable circum- 
stances in California prompted rapid growth in 
the deployment of grid-connected wind turbines. 
Among these circumstances were the adoption 
of PURPA Section 210, high electric-utility 
avoided costs, availability of an excellent and 
accessible wind resource which had been care- 
fully assessed, favorable Federal and State tax 
treatment; and favorable treatment by the Cali- 
fornia Energy Commission and Public Utility 
Commission. 
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Finally, technical developmt * of smaller sized 
wmr 1 turbines proceeded very rabidly as costs de- 
clined and performance improved. The extremely 
favorable conditions in California encouraged thd 
initial commercial deployment of equipment 
which was new and not fully proven. The proc- 
esses of research, development, and commercial- 
ization Cdme together into one step as Califor- 
nia's wind farms became de facto open-air 
laboratories. While this greatly accelerated the 
development of the technology, it also led to 
inevitable mechanical failures and inadequacies 
associa'vd with an emerging and immature tech- 
nology. 

In '984, there were about TOO wind turbine 
manufacturers worldwide. They were mostly 
small, independent businesses dedicated exclu- 
sively to the wind industry, and owned and 
operated by risk-taking er^repreneurs without ex- 
tensive business experience. 22 Most of the com- 
panies had limited financial reserves, and de- 
pended on company growth to cover their past 
debts and proviH? working capital. Approxi- 
mately 70 of the companies in 198t provided 
mostly turbines of sizes less than 50 kWe. About 
30 companies were active in \snd farms and of 
these, six accounted for 95 percc.i c f the world 
wind-turbine sales in 1983. 23 

In other words, the world wine -turbine indus- 
try presently consists of many small firms, but it 
is dominated by a few manufacturers who pos- 
sess an advantageous combination of adequate 
equipment and financial resources. However, 
even these six companies are relativply small. For 
example, Energy Sciences, Inc., the third rank- 
ing U.S. supplier ;n 1983, sold $17.5 million 
worth of wind equipment ir 1983. By compari- 
son, the smallest company on the Fortune 1000 
list had sales of over $122 million in 1983. 24 

Companies based in ihe United States domi- 
nated the world market for wind power equip- 
ment in 1983, accounting for an estimated 72 per- 



"See for example comments ot Bror Hanson in Alternative 
Sources of Energy, vol 50, july/August 1981, p 5 

"Strategies Unlimited, Analysis of Equipment Manufacturers and 
Vendors in the Electric Power Industry (oi ">e 1990s Wind Tur- 
bines, Solar Thermal Electric, Photovoltaics, op cit , 1984. 

"Ibid 



cent of world sales. But this position is being 
eroded by foreign competition. By 1984, U.S. 
manufacturer^ accounted tor 69 percent of world 
sales of approximately $405 million. The decline 
of the U.S. pos'tion in world markets ha c been 
paraNeled by its decline in the domestic market 
as well. The erosion of the U.S. industry's mar- 
ket share is expected to continue. European ven- 
dors may achieve parity with U.S. producers in 
U.S. markets by the end of 1 986 and surpass them 
by 1 988 This appears possible due to a superior 
combination of equipment quality and cost, the 
latter being greatly affected by the strength of the 
U.S. dollar. In addition, European vendors have 
been very aggressive in exploiting foreign mar- 
kets. 25 

During the 1980s, the industry has been highly 
competitive; many companies have entered the 
business and many others have withdrawn. Cur- 
rently, the number of firms is declining. 

The great bulk of wind turbine capacity de- 
ployed in the Unite 4 States is financed by inves- 
tors other than the electric utilities and orches- 
trated by wind farm developers. While some 
developers are independent of the turbine man- 
ufacturers (the open "merchant" market), a large 
and growls share of the wind farms is directly 
affiliated with the turbine manufacturers them- 
selves. 26 This "captive" wind farm market allows 
vendors to: 1) capture the developer's profits, 
which generally exceed thf ' own; 2) regulate tur- 
bine demand over the spa of each year so that 
demand is not overly concentrated at year-end; 
ard 3) ^ain better con* r ol over adverse publicity 
relating to turbine performance. 

T o date, capital for wind farm investment has 
■ «rely come from public stock offerii ;s or from 
venture capitalists. Most investment has been in 
the form of limited patnerships, either sold 
c'irectly by the developer or through brokerage 
fi»ms. Since 1982, major brokerage houses have 
been involved and their importance in *he indus- 
try has increased. Some developers, howeve r , 



"Ibid. 

"This vertical integration typically takes several forms the man- 
ufacturer may itself obtain the land, utility contracts and capi^i re- 
quired for the wind farm, or 2) it may simply acquire a developer, 
or form exclusive relationships with a developer or ^n equipment 
distributor. 
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use so-called "chattel" [>alesto avoid dependence 
on brokerage ho jses. Each of these financing ar- 
rangements has its advantages and problems, and 
affects wind turbine deployment in a different 
way. The manner m which financing is obtained 
therefore will continue to be of critical impor- 
tance to the industry. (See chapter 8 ror more de- 
tails on financing arrangements.) 

Industry Outlook and Major Impediments 

As mentioned earlier, wind turbines durmgthe 
first half of this decade have benefitted from 
favorable tax treatment; chapter 8 discusser the 
effects of specific Federal tax provisions on wind 
turbine economics and highlights their impor- 
tance. Potential t^x changes, therefore, are of 
concern to the industry. The tax change of most 
immediate concern is the scheduled expiration 
of the Federal renewable energy tax credit (RTC) 
at the end of 1985. 

Expiration of the RTC is likely to r "t in a ma- 
jor shake-out in the U.S. wind ind. /. Barring 
unexpected increase in electric utility involve- 
ment, demand for wind turbines probably will 
drop sharply, and many small firms are likely to 
collapse. Only laigerfirms with sufficient capital 
to further r/ velop medium-sized turbines and 
weather a period of intense competition and rela- 
tively low sales will survive. Though the size of 
the industry and the variety of firms could be 
greatly diminished, and though technical progress 
is likely to be slowed considerably, many indus- 
try observers believe that the industry couid sur- 
vh ~, ind perhaps even benefit, from a terrrrna- 
tion or phase-down of the RTC. 

Though the RTC has stimulated technical de- 
velopment and commercial deployment, which 
otherwise could not have occurred in the early 
1980s, they also have been abused by some in- 
vestors as short-term tax shelters. 27 Such abuse 
has prompted Federal tax fro'jd investigations and 
hurt the reputation of the industry. 28 

27 See statement of Bill Adams, San Gorgoniu Farms as quoted 
in "San Gorgonio Farms (SGF) Will Install 53 Carter Wind System 
Model 225's," Wind Industry News Digest, vol 4, No 4, Feb 1 5, 
1984, p 3 

"Largely in response to tax-shelter aouses, the American Wind 
Energy Association establ'shed an ethics committee to monitor the 
industry and discourage behavior w^'ch harms the long-term in- 
terests of the business See BurtSolonr.-.i, "Windmillers Clean Up 
Act," Energy Daily, vol 13, No. 12, Jin 17, 1985, pp. 1 and 3. 



Alternatives to a simple extension of the cur- 
rent Federal credits have been suggested. One 
would gradually phase-out the tax credits over 
several years; this might help the industry com- 
plete the commercial transition from small tax- 
subiidized turbines to unsubsidized and eco- 
nomic medium-sized units. Another would estab- 
lish a system of credits based on energy produc- 
tion rather than capital investment; 29 these are 
discussed in greater detail in chapter 10. 

Aside from the immediate issue of the RTC, 
other possible circumstances could also slow the 
development and deployment of competitive, 
medium-sized turbines in the 1990s. Problems re- 
lating to the following could arise. 

Equipment Quality,— Technical improvements 
are necessary if wind turbines are to compete 
without subsidy. While imorovements are being 
made, cessation of the RTC at the end of 1985 
and of the California tax credit several years later 
is likely to severely reduce the capital available 
to finance development and production of new 
wind turbine designs. Moreover, the likelihood 
of smaller markets will reduce the opportunity 
to actually deploy the units and thereby gener- 
ate the data necessary for further improvement. 
The difficulty in financing the redesign and man- 
ufacture of new equipment probably will be par- 
ticularly severe among the small wind turbine 
manufacturers. 

Wind Resource Information.— Detailed wind 
resource information is crucial to the growth of 
Wind-farms around the country. While current 
meteorological data allows identification of po- 
tential sites, 30 detailed site-specifi: information 
must still be gathered for at lea<* I to 3 years to 
adequately assess the potential of specific sites. 
Whil^ site-specific information is being generated 
at a rapid pace, the lack of such information still 
could hinder deployment in the 1990s, 31 The 

"Strategies Unlimited, Analysis • ' Equipment Manufacturers and 
Vendors in the Electric Power industry for the 1990s. Wind Tur- 
bines, Solar Thermal Electric, Photovoltaics, op. at., 1984. 

^Battelle, Pacific Northwest Laboratories, Application Examples 
for Wind Turbine Siting Guidelines (Palo Alto, CA. Electric Power 
Research Institute, March 1983), AP-2906 

3, See: 1) JBF Scientific Corp., Early Utility Experience With Wind 
Power Generation- Goodnoe Hills Project \Palo Alto, CA Electric 
Power Research Institute, January 1984), vol 3, EPRI AP-3233; 2) 
Dean W. Boyd, et al , Commercialization AnJysis of Large Wind 
Energy Conversion Systems (Palo Alto, CA. Decision Focus Inc., 
june 1980). 
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need for wino assessment extends to prospective 
export markets as well, where data are especially 
inadequate. 32 

Land Access and Cost of Access.— Access to 
wind-swept land has in some instances been a 
problem. 33 Furthermore, costs of access have in- 
creased substantially. Development of the wind 
resource presupposes access at an acce nable 
cost. These potential problems may slow c ! oy- 
ment in the next 15 years. 

Cost and Performance Data. -Current cost 
and performance data are very important to pro- 
spective wind turbine investors as wdl as to util- 
ities, public utility commissions, ar the turbine 
manufacturers themselves. At prc<?nt such data 
are difficult to obtain, precluding accurate predic- 
tion of wind turbine cost and performance prior 
to deployment. Efforts are being made in some 
States to increase the information available on 
current machines. 34 Where perormance data are 
available, use is often limited by inconsistencies 
and other problems. 

Standard Definitions and Performance Levels.— 

The effective use of performance data often is 
limited by inconsistencies; standard definitions 
might assist investors and others in comparing wind 
turbines with each other as well as with compet- 
ing gene r ating technologies. The value of such 
ste wards is enhanced when they are provided by 
an independent and trustworthy source. O even 
p *ater value might be the establishment of nmi- 
mum standa r d performance levels which turoine 
performance must meet in order to receive certifi- 
cation. Many industry observers believe standards 
should be applied to the industry, though there is 
disagreement over who should impose the stand- 
ards and what the standards should be. 

U S K Griffith, et al , Foreign Applications and Export Potential 
for Wind Energy Systems (Golden, CO Solar Energy Research In- 
stitute, 1982), subcontractor report, SERI/STR-2 1 M827 

n R J Noun, et al , Utility Siting of WECS A Preliminary Leg*t/Reg- 
ulatory Assessment (Golden, CO Solar Energy Research Institute, 
May 1981) 

"The State of California, for example, requires that production 
and other data (including cost data) be provided on a quarterly basis 
uy all wind project operators in the State The American Wind 
energy Association is developing a voluntary national reporting pro 
gram similar to CM.forma's mandatory program 



Warranties.— Investors, in view of the past poor 
performance of some wind turbines, are reluctant 
to invest in hardware unless it is accompanied by 
a strong warranty. This essentially shifts part of the 
risk of owning and operating a wind turbine back 
to the vendor Because current technology is im- 
mature, however, such warranties are in themselves 
rirky and could lead to high costs for vendors. In- 
deed, some manufacturers have been driven out 
of business because of these costs. 35 While vendors 
can purchase "warranty insurance," this insurance 
has become progressively expensive as insurers 
have become more cautious with wind turbines. 36 
Should the industry be short of capital during the 
next 15 years, the warranty issue could constitute 
an important impediment to industry expansion. 

Government Permits and Licenses.— Wind farm 
promoters are expected to encounter problems as 
they seek approval for their projects from Federal, 
State, and local regulatory agencies. The most seri- 
ous problems are likely to be at the local level, 
where wind farms have aready encountered pub- 
■<c opposition because of viuial and environmental 
impacts. 37 

Transmission Facilities. — vVithout access to 
transmission facilities, even the i nost attractive site 
cannot be linked to the grid. Major transmission 
facilities often require lead-times of 3 to 10 years. 
Clearly, if candidate wind sites do not already 
have easy access to transmission lines, serious 
delays may be encountered. Widespread wind 
turbine deployment in the 1990s will either be 
limited to areas which already have access to 
transmission lines, or if currently remote areas are 
to be developed, efforts to extend transmission 

"For example, see 1) "How Wind Power Cracks Up," New 
Scientist, Apr. 1 2, p 31 ; 2) Arthur D Little, Inc , Wind Turbine Per- 
formance Assessment (Palo Alto, CA: Electric Power Research In- 
stitute, 1984), Technology Status Report No. 7, EPRI AP-3447; 3) 
Larry f oiaken, "The Small Wind Energy Conversion System Mar- 
ket Wll 1984 Be 'The Year of the SWECS ?" Alternative Sources 
of Energy, vol. 63, September/October 1983, pp 10-23; and 4) Strat- 
egies Unlimited, Analysis of Equipment Manufacturers and Ven- 
dors in the Electric Power Industry for the 1990s. Wind Turbines, 
Solar Thermal Electric, Photovoltaics, op cit , 1984. 

"Ronald L. Drew, "Wind Energy The Present Status of Relevant 
Insurances," Alternative Sources of Energy, vol 72, March/April 
1985, pp 56-59 

J7 See chs 4 and 7 for further details. 
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facilities to those areas must be initiated within 
the next decade. 38 

Utility Energy and Capacity Credits, and In- 
tercon nect i o n Req u i iem ent s . — Lo w energy 
credits, low capacity payments, 39 and stringent 
interconnection requirements discourage deploy- 
ment by nonutilities. Even where the possibility 
exists that credits could drop during the lifetime 
of a project, investment is discouraged. Also, any 
difficulties (such as delays) encountered in seek- 
ing to obtain favorable credits or interconnection 
requirements discourages nonutility deployment. 

Overseas Markets.— Over the next decade, for- 
eign markets are likely to be important outlets 
for wind turbines, especially small machines for 
remote applications; 40 under some conditions 
they could be crucial to the survival o^ major 
manufacturers. Already, exports account fc r a siz- 
able share of turbine sales by U.S. manufacturers, 
and current evidence indicates that many are ac- 
tively developing overseas markets. 41 The promo- 
tion : ' the companies themselves and by others 
of -.c-rseas sales appears to constitute a major 
opportunity to nurture i ? industry and to in- 
directly foster further refinement of the technol- 
ogy. Difficulties in exploiting these markets (in- 
cluding problems relating to foreign competition) 
therefore could severely damage the industry, re- 
ducing its capacity to supply the domestic mar- 

J *For example, the lack of transmission capacity in Califorrva 
reportedly prevented development of some prime wind sites 
Source OTA staff conversation with Mike Bat ham, California Energy 
Commission, November 1984. 

"For a discussion of capacity credits in the wind industry, see 
Fred Sissine, Wind Power and Capacity Credits Research and Im- 
plementation Issues Arising From Aggregation With Other Renew- 
able Power Sources and Utility Demand Management Ml. . ures 
(Washington, DC Congressional Research SenAce, 1984) 

^See DBirgerT Madsen, "Danish Windmill' a View c roni the 
Inside," Alternative Sources of Energy, vo! 69, September/October 
1984, pp 24-26, 2) S.K Griffith, et al , Foreign Applications *nd 
Export Potential for Wind Energy Systems (Golden, CO* So'ar Ener^v 
Research Institute, 1982), subcontractor report, SERI/STR-21 1-1827, 
3) Les Garden, "Th Overseas Market Does the Post-Tax-Credit 
Transition Start Now* ' Alternative Sources of Energy, vol. 6^ Sen 
tember/October 1984, pp. 28-30; 4) Larry Stoiaken, "International 
Marketing US Wind Firms Make Their Move," Alternative Sources 
of Energy, vol 72, March/April 1985, pp 21-23. 

4l See, for example 1) "FloWind Signs 'Document of Mutual In- 
terest' With Chinese for 40 Darrieus Turbines," Solar Energy Intel- 
ligence Report, Jan. 21, 1985, p 24, 2) Larry Stoiaken, "The Small 
Wind Energy Conversion System Market- Will 1984 Be 'The Year 
of the SWECS7" op at , 1983, 3) Larry Stoiaken, "Going Interna- 
tional," Alternative Sources of Energy, vol 63, September/October 
1983, pp 24-25 



kets with turbines of acceptable quality and in 
the quantities demanded for the 1990s. 

Geothermal Power 
History and Description of the Industry 

In 1904, Italy became the first country in the 
world to use geothermal energy to produce elec- 
tricity. In 1923 geothermal resources were tapped 
in the United States to produce electric power. 
At that time, a small, re lote 250 kWe unit be- 
gan generating power for a California hotel at The 
Geysers. Over 35 years elapsed, however, before 
further capacity was installed in the United States 
when, in early 1960, the first grid-connected geo- 
thermal u. it began to generate power at T!,e 
Geysers. During the following 20 years, further 
development occurred and by the end of 1983, 
1,300 MWe of geothermal capacity were on-line 
in the United States— more capacity than in any- 
other country. Worldwide, about 3,400 MWe 
were operating. 42 

Most U.S. geothermal development, located at 
The Geysers in California, employed direct ste?.Ti 
conversion technology. As discussed in chapter 
4, however, most U.S. geothermal resources are 
of lower quality than those found there and can- 
not be exploited with the conventional technol- 
ogy used at The Geysers. As development activ- 
ity progressed in the 1960s, the need for different 
technologies for lower quality resources became 
evident. Further geothermal development in- 
creasingly would require other equipment such 
as the developing technologies considered in this 
assessment— dual flash and binary systems. 

While the need for technological progress was 
apparent in the 1960s, it was not until recently 
that these new technologies began to be de- 
ployed in tlie United States. Several factors, in- 
cluding problems regarding Federal leasing pol- 
icies and technological questions, served to 
impede the development of the lower quality 
geothermal resources. Progress in these matters, 
along with the passage of PURPA, favorable Fed- 



43 Ronald DiPippo, "Development of Geothermal Electric Power 
Production Overseas," Energy Technology XI, Applications & Eco- 
nomics Proceedings of the Eleventh Energy Tech no'ogy Confer- 
ence, Mar. 19-21 1984, Richard f Hill (ed.) (Rockville, MD. Gov- 
ernment Institutes, Inc., August 1984), pp )2)9-U27. 
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eral and State taxes, and high avoided costs, 
brought commitments to the technologies dur- 
ing the first half of the 1 980s. By the end of 1 985, 
a single 47 MWe (net) dual-flash geothermal unit 
will be in place. One large (45 MWe,net) binary 
plant will have been installed and at least 30 
MWe of small binary plants will be operating. To- 
gether these will account for about 122 MWe, 
or about 7 percent of total U.S. installed geother- 
mal capacity at the end of 1985 (about 1,780 
MWe 43 ). 

Important to these technological developments 
has been the Federal Government's support of 
the industry since the mid-1970s. The first major 
Federal assistance came in the form of the Geo- 
thermal Loan Guarantee Program. This soon was 
coupled to stepped-up support for research and 
development (see table 9-2). From 1973 through 
1983, approximately $1 billion was spent on geo- 
thermal power by the Federal Government, roughly 
matching industry's expenditures. Direct Federal 
expenditures in support of the technology, con- 
centrated in DOE and its predecessor agencies, 
grew from $3.8 million to $1 71 million in 1 980; 
however, as of fiscal year 196 > this had dropped 
to $32.1 million. The recent dechne in direct Fed- 
eral expenditures was p .tia../ offset by increases 
in indirect Federal support of the industry through 
various tax incr ives, including the Renewable 
Energy Tax Credit. 

Discovery of geothermal resources has long 
been associated with oil exploration and devel- 
opment in this country. When geothermal activity 
picked-up in the 1 960s, several oil companies en- 
tered the geothermal business. Since then, the 
oil industry has continued to be deeply involved 
with geothermal development, and indeed heav- 
ily dominates the industry. At the same time, a 
group of smaller, independent enterprises has 
sought to develop geothermal power, usually by 
pursuing the relatively marginal resources. 

Among the businesses in the geothermal indus- 
try is a core of about two dozen companies ca- 
pable of sustaining the full effort required to bring 
geothermal projects to fruition. In addition, there 



4, Vasel Roberts, "Utility Preface/' Proceedings. Eighth Annual 
Geothermal Conference and Workshop, Altas Corp (ed ) (Palo AlU 
CA Electric Power Research Institute, 1984), EPRI AP-3686, p v 



are many othei companies anH organizations, 
such as electric utilities, drilling companies, ar- 
chitectural and engineering firms, and the Elec- 
tric Power Research Institute (EPRI), which sup- 
port the development and deployment of the 
technology. 44 

Until the late 1970s, geothermal development 
was carried out through cooperative ventures be- 
tween field developers and electric utilities. The 
field developers located the resource and then 
worked with the electric utility and architect- 
engineering firms todesign and construct a pow- 
erplant. The field developer [hen would tap the 
geothermal resource and deliver the hot water 
or steam "over the fence" to the electric utility. 
Since 1978, though, PURPA, favorable tax treat- 
ment, and high avoided costs have stimulated 
nonutility investment in power generation proj- 
ects, and purely nonutility projects have become 
prevalent in Oregon, California, and Nevada. 

Industry Outlook and Major Impediments 

By the year 2000, a total U.S. geothermal ca- 
pacity from 2,600 to about 6,800 MWe may be 
in place. A sizable portion of this could consist 
of the developing technologies discussed in chap- 
ter 4. Most will be located in California, Hawaii, 
Arizona, New Mexico, Nevada, and Utah. 45 The 
degree to which the potential will be realized de- 
pends on a variety of circumstances. 

As with the other renewable energy technol- 
ogies, the status of various State and Federal t*x 
incentives will strongly influence deployment 
levels. As mentioned in chapters 4 and 8, the tax 
incentives make geothermal investments much 
more attractive and have been especially impor- 
tant in advancing the technologies during the 



4 '.„ne E. Suter, "Who Will Develop the Governmental Re- 
sources?" Proceedings Seventh Annual Geothermal Conference 
and Workshop, Altas Corp (ed ) (Palo Alto, CA' Electric Power Re- 
search Institute, 1983), EPRIAP-3271, pp. 7-10 through 7-13; and 
Vasel W Roberts, "EPRI Gecthermal Power Systems Research Pro- 
gram/' Proceedings: Eighth Annual Geothermal Conference and 
Workshop, Altas Corp. (ed.) (Palo Alto, CA* Electric Power Research 
Institute, 1984), EPRI AP-3686, pp. 4-1 through 4-3. 

45 Vasel Roberts and Paul Kruger, "Utility Industry Estimates of 
Geothermal Energy," Proceedings. Eighth Annual Geothermal Con- 
ference and Workshop, Altas Corp. (ed ) (Palo Alto, CA: Electric 
Power Research Institute, 1984), EPRI AP-3686, p 4-27 through 4-31 
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early 1980s. 46 Elimination or reduction in the size 
of the tax incentives— or even the possibility of 
such changes— is likely to slow deployment. 

Important too will be other government activ < 
ities at the Federal, State, and local levels. The 
level of direct support for R&D will continue to 
be a key determinant of technical progress in the 
industry. Also influential will be the many forms 
of regulatory control government agencies exert 
over the activities required to deploy geothermal 
technologies. Because of the importance of gov- 
ernment, and the number and diversity of rele- 
vant agencies, the degree to which their activ. 
ties are coordinated will be equally important 47 

Other factors that may impede the deployment 
of geothermal technologies in the 1990s include: 

Equipment Cost and Performance.— As dis- 
cussed in chapter 4, dual-flash and binary-cycle 
technologies are relatively immature. Cost reduc- 
tions and performance improvements in some 
cases may be necessary, not only with the equip- 
ment used in actually producing the electric 
power, but in some cases also in the technology 
required to deliver brine to the surface. The rate 
at which progress occurs depends strongly on the 
amount of capital devoted to R&D. 

Three factors may retard R&D investment First, 
the members of the geothermal industry most ca- 
pable of shouldering R&D investments— those af- 
filiated with the petroleum companies— may not 
invest the necessary capital, 4 '' partly because of 
the current soft petroleum market. Second, activ- 
ity in the geothermal industry is affected heavily 
by nonutilities, whose investment levels are in- 



*SiJ ->mmittee on Fnergy and Mineral Resources, Senate Com- 
mittee i Fnergy and Natural Resources, U S Congress, Geother- 
mal Energy Development in Nevada's Great Basin Hearing to Ex- 
amine the Current Status and Future Needs of Nevada 's Geothermal 
Energy Industry (Washington, DC U S Government Printing Of- 
fice, 1984) Sparks, Nevada, April 17, 1984, S Hrg. 98-801 

47 Alex Sifford, Background Geothermal Information for the 1985 
Energy Plan (Salem, OR Oregon Depa "*n\ of Energy, February 
1985), mimeo, and james Ward, "Geothernidi "»rtricity in Cali- 
fornia," Transitions to Alternative Energy Systems— preneurs, 
New Technologies, and Social Change, Thomas Baumgartner and 
Tom R Burns (eds ) (Boulder, CO Wesview Press, 1984), pp 
167-186. 

*See, for example, Chris B Amundsen, et al , A Summary of U 5 
Department of Energy Geothermal Research and Development Pro- 
gram Accomplishments, Industry I esponse, and Protected Impact 
on Resoure Development (Philadelphia, PA- Techneccn Analvtic 
Research, Inc., 1983) 
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fluenced strongly by State and Federal tax pol- 
icies. Possible changes in the policies, the most 
immediate of which is the expiration of the Fed- 
eral renewable energy tax credit, will greatly 
dimmish geothermal irvestment. Third, the Fed- 
eral Government, which historically has been the 
major bource of R&D funds, has sharply cut its 
support (see table 9-2). 

Technology Demonstration.— Beyond the geo- 
thermal demonstration plants already being built 
or operating, very little additional capacity is 
planned w.th the developing geothermal tech- 
nologies. Should few additional plants be de- 
ployed in the next 5 to 10 years, the lack of ex- 
tensile commercial experience is likely to impede 
rapid expansion of capacity in the 1990s, since 
the associated risks may be perceived as too high. 
Difficulties in gaining access to adequate infor- 
mation on cost and performance could also slow 
timely deployment of developing geothermal 
technologies in the 1990s. 49 

Geothermal Exploration, Resource Identifica- 
tion and Assessment.— Once a geothermal re- 
source is discovered, more precise information 
on the quality of the resource is needed in order 
to assess the economics of ite development and 
to optimize plant design. This requires that re- 
source qualities be measured further and the in- 
formation analyzed. The lack of site measure- 
ments and adequate analytical capabilities are 
considered major impediments to the develop- 
ment of geothermal power. 

Federal Leasing Requirements.— A consider- 
able portion of the geothermal resource in the 
United States lies under Federal lanes. The leas- 
ing of this land, administered bv 'lie Bureau of 
Land Management, is characterized by two re- 
quirements which may impede deployment of 
geothermal technologies. First, no single lease- 
holder may hold leases covering more than 
20,480 acres in any specific State. 50 This report- 

4, U S Department of Energy, Geothermal Progress Monitor 
(Washington, DC DOE, 1983), f:eport No. 8; and testimony of Jon 
Wellinghcff (Consumer AHvocat State of Nevada), p. 5 in Sub- 
committee on Energy and Mineral Resources, Geothermal Energy 
Development in Nevada's Great Basin- Hearing to Examine the Cur- 
rent status and Future Needs of Nevada's Geothermal Energy In- 
dustry, op. cit., 1984. 

"The 1 970 Geothermal Steam Act, however, doe* allow the Sec- 
retary o' Interior to raise the statewide acreage limitation after Dec. 
24, 1985. Indeed, in April 1985, the Department of the Interior pro- 
posed that the limitation be raised to 51,200 acres. 
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edly has slowed the rate at which resources can 
be assessed and at which development can oc- 
cur. Second, primary lease terms are for 10 years; 
a leaseholder must develop the land within that 
period or lose the lease This may inhibit com- 
mitments to develop particular geothermal re- 
sources. 51 

Utility Energy and Capacity Credits, and Inter- 
connection Requirements.— As with the other 
technologies discussed so far in this chapter low 
energy credits, low capacity payments, and strin- 
gent interconnection requirements discourage 
deployment by nonutilities. E^en where the pos- 
sibility exists that credits could drop during the 
lifetirr f a project, investment is discouraged. 
Als' .*ny difficulties (such as delays) encountered 
in seeking to obtain favorable credits or intercon- 
nection requirements discourages nonutility de- 
ployment. 52 

Transmission Capacity.— Like wind resourres, 
geothermal resources often are located in areas 
which are not readily accessible or located near 
transmission facilities. Moreover, in some cases, 
the geothermal resources are far from the mar- 
kets offering the highest avoided costs. The lack 
of adequate transmission facilities connecting the 
resources with markets and/or institutional mech- 
anisms for wheeling power to these markets is 
considered a major impediment to the further de- 



s, See 1) ) Laszlo. "Findings of U S Senate Hearings on Geo- 
thermal Development in Nevada," Proceedings Eighth Annual Geo- 
thermal Conference and Workshop, Altas Corp (ed ) (Palo Alto, 
CA Electric Power Research Institute, 1984), EPRI AP-3686, p 6- 
16 through 6-20, 2) Vane E Suter, "Who Will Develop the Gov- 
ernmental Resources?" Proceedings Seventh Annual Geothermal 
Conference and Workshop, op cit , 1983, 3) Subcommittee on 
Energy and Mineral Resources, Geothermal Energy Development 
in Nevada's Great Basin Hearing to Examine the Current Status 
and Future Needs of Nevada's Geothermal Energy Industry, op 
cit , 1984, 4) Subcommittee on Energy and Mineral Resources, Sen- 
ate Comm ittee on Energy and Natural Resources, U S Congress, 
Geothermal Steam Act Amendments of 1983 (Washington, DC U S 
Government Printing Office, 1983), Hearing, May 2, 1983, S Hrg 
98-35^, and 5) james Ward, "Geothermal Electricity in California," 
Transitions to Alternative Ene^y Systems—Entrepreneurs, New 
Technologies, and Socr f Change, op cit., 1984) 

"See j Laszlo, "Find, ,s of U S Senate Hearings on Geother- 
mal Development in Nev-da," op cit , 1984, and Subcommittee 
on Inerg and Mineral Resources, Geothermal Energy Develop- 
ment in Nc»* ida's Great Basin Hearing to Examine the Current Sta- 
tus and Fuw * Needs of Nevada's Geothermal Energy Industry, op 
cit , 1984 



ployment of geothermal technologies of any kind, 
especially in Oregon and Nevada. 53 

Leasing, Permitting, and Licensing Delays. - 

Where geothermal development is planned on 
Federal property, considerable delays may be oc- 
casioned in securing the necessary lease. Further 
delays also may result as the requisite licenses 
and permits are obtained from various public 
agencies. 54 Problems regarding water consump- 
tion and subsidence in particular may occasion 
delays, particularly in agricultural areas. 55 To- 
gether, these time-consuming steps may limit the 
amount of capacity which could be deployed in 
the 1990s. 

Fuel Cells 
History and Description of the Industry 

The current major efforts to develop the fuel 
cell for grid-connected applications in the United 
States are split between natural gas and electric 
utilities. The electric utilities are pursuing the use 
of fuel cells in central station applications, while 
gas utilities have conc?ntrated on relatively small, 
"onsite" fuel cells which would increase markets 
for natural gas. 

As with photovoltaics, the initial commercial 
impetus behind fuel cell development in the 
United States was the space program in the 1950s 
and 1960s. Efforts to develop fuel cells for ter- 

s, See .l)j Laszlo, "Findings of U S Senate Hearings on Geo- 
thermal Development in Nevada," op cit , 19d4, 2) C.J Weinberg, 
"Role of Utilities, Resource Companies, and Government Discus- 
sion Group Report," Proceedings Seventh Annual Geothermal 
Conference and Workshop, Altas Corp. (ed ) (Palo Alto, CA Elec- 
tric Power Research Institute, 196J), EPRI AP-327 , pp 7-26 through 
7-27, and 3) Subcommittee on Energy and Mineral Resources, Geo- 
thermal Enr rqy Development in Nevada s Great Basin' Hearing to 
Examine the Current Status and future Needs of Nevada's Geother- 
mal Energy Industry, op cit , 1984 

^Included in the informat-on required for facility licensing and 
permitting is baseline data on the environmental conditions at a 
site For more information, see Alex Sifford, Background Geother- 
mal Information for the 1985 Enerffv Plan, op. cit., 1985 

"For a discussion of the water issue in the Imperial Valley, where 
considerable deployment of dual-flash and binary systems may oc- 
cur in the 1990s, and where agriculture is very important, see De- 
partment of Public Works, Imperial County, Wafer for Ceother- 
maf Development in Imperial County A Summarizing Report (El 
Centro, CA Imperial County, J-ine 1984), special report, DO." Co- 
operative Agreemeni DE-FC03-79ET27196. 



ERLC 



260 



270 • New Electric Power Technologies Problems and Prospects for the 1990s 



restrial applications multiplied during the mid- 
1960s, but by the end of the decade most had 
ceased with one notable exception In 1967 a 
group of gas utilities formed an organization 56 to 
develop equipment that somehow could counter 
the electric power industry's capture of the gas 
industry's markets. This and subsequent programs 
culminated in the current effort in which the Gas 
Research Institute (GRI), funded by the gas in- 
dustry, and DOE are deploying and testing forty- 
six 40 kWe fuel cell cogeneration units. Several 
units of this size also were installed in Japan. Con- 
currently, GRI and DOE are funding a coordi- 
nated multi-year research project expected to 
yield an "early entry" onsite fuel cell system with 
an expected output of about 200 to 400 kWe. 

Meanwhile, since 1971, fuel cell manufactur- 
ers, electric utilities^ 7 the Electric Power Research 
Institute, the Federal Government and others 
have sought to develop and deploy multi-mega- 
watt fuel cell power facilities. By 1 978, a 4.5 MWe 
project was initiated in New York City. The New 
York unit suffered from delays in gaining local 
regulatory approval. These delays exceeded the 
storage We of the power section so that the unit 
could not be operated without refurbishment. As 
a result, the project was abandoned in 1984. 
Another similar, but improved unit was installed 
in Japan. That unit, made by the same manufac- 
turer which produced the New York installation, 
has operated very successfully since April 1983. 
Currently, plans are being laid both in the United 
States and in Japan to first develop and deploy 
commercial demonstration units, and then to ini- 
tiate commercial production of fuel cells late in 
the 1980s or early 1990s. 

In the recent years a number of cooperative 
agreements between Japanese and U.S. firms 
have evolved, pc haps the most important of 
which is the joint venture between United Tech- 
nologies and Toshiba. The two companies have 



Sfc TheTeam to Advance Research on Gas Energy Transformation 
(TARGET) 

"Electric utility efforts in support of the fuel cell have been medi- 
ated m part through the Electric Utility Fuel Cell Users Group, an 
association established about 5 years ago The group, now con- 
sisting of over 60 members, works closely with EPRI, fuel cell ven- 
dors and others to promote the use of fuel cells among electric util- 
ities For more information, see "Fuel Cell Useis Group," EPRI 
Journal, vol 10, 1, january/February 1985, pp 62-61 



agreed to cooperative electric utility commercial 
powerplant aupn and development activity. This 
alliance may lead to an agreement to construct 
a fuel cell production facility in the United States 
sometime in the near future. 58 The substantial 
capital and technological capabilities of these cor- 
porations enhance the prospects that the hurdles 
faced in early commercialization may be success- 
fully and readily overcome. 

Government involvement on both sides of the 
Pacific has been extensive. In the United States, 
Federal funding has been divided between mili- 
tary/space applications and support of civilian 
commercial uses. The support for civilian appli- 
cation^ has emphasized the use of fuel cells in 
transportation and in electric power generation; 
this support has emanated from DOE and its 
predecessor agencies. The DOE program of great- 
est importance to the near-term commercial pros- 
pects of the fuel cell is the Phosphoric Acid Fuel 
Cell Program. The National Aeronautics and 
Space Administration (NASA)-Lewis Research 
Center has been designated by DOE as the lead 
center for the program. 

DOE's funding for fuel cells is summarized in 
table 9-2. DOE's support peaked in 1984, when 
$42.3 million were spent on the technology. A 
very substantial portion of the funds has been 
dedicated to the phosphoric acid technology— 
which is the most promising technology for ini- 
tial commercial penetration. While DOE spend- 
ing on fuel ceiis dropped only slightly in fiscal year 
1985, a substantial reduction to $9.3 million has 
been proposed for 1986. Under the latter pro- 
posal, support for the phosphoric acid technol- 
ogy is eliminated altogether. 59 

Although some fuel cell rese? r ch and develop- 
ment took place in Japan during the 1960s and 
1970s, the current Japanese fuel cell program did 

**P J Farm, Business Planning Staff, International Fuel Cells (un 
published memorandum for OTA staff), june 18, 1985 For more 
information on these U S -Japanese efforts, see Peter Hunt Asso- 
ciates, Analysis of Equipment Manufacturers and Vendors in the 
Electric Power Industiy for the 1990s as Related to Fuel Cells (Alex- 
andria, VA* Peter Hunt Associates, 1984), OTA contractor report. 

**See Herbert Lundblad and Ronald R. Cavagrotti, Assessment 
of the Environmental Aspects of DOE Phosphoric Acid Fuel-Cell 
Program (Cleveland, OH. Lewis Research Center, 1983), 
DOE/NASA-2703-3, pp 7-20, and Fred Sissine, FuelCells for Elec- 
tric Power Production- Future Potential Federal Role and Policy 
Options (Washington, DC Congressional Research Service, 1985) 
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not materialize until 1 981 At that time, under the 
aegis of the Ministry of International Trade and 
Industry (MITI), the agency's "Moonlight Project'' 
initiated a coordinated program directed towards 
the development of fuel cell technologies for va- 
rious applications. All of the Japanese equipment 
manufacturers are working under this program, 
as are several Japanese utilities. 

While the Japanese have in the past lagged be- 
hind the U.S. program, it appears that the cur- 
rent Japanese program has narrowed the gap. 
This results in part from the attentive observation 
of and participation in U.S. efforts. The Japanese 
have learned from U.S. successes and mistakes, 
while providing their own refinements and modifi- 
cations. 

Industry Outlook and Major Impediments 

The fuel cell industries in both the United States 
and Japan are positioning themselves for substan- 
tial commercial deployment of fuel cells in the 
1990s. At the cost and performance levels which 
the fuel cells may achieve, extensive markets for 
both central station and dispersed applications 
could develop. 

Deployment in Japan, fostered by the govern- 
ment (MITI), could be quite rapid. Particularly im- 
portant in this regard is the close working rela- 
tionship the Japanese fuel cell developers have 
with the country's electric power companies. This 
will ease the fficulties the manufacturers migh* 
encounter in th early stages of commercial transi- 
tion. Over the next 15 years the well-coordinated 
Japanese effort probably will place that country's 
fuel cell manufacturers in a position comparable 
or perhaps superiorto their U.S. counterparts bar- 
ring significant increases in this country s efforts. 60 
In Japan, fuel cells using primarily imported nat- 
ural gas are expected to provide a few percent- 
age points of total generating capacity by 1995, 
and could provide 7 to 8 percent of generating 
capacity at the beginning of the 21st century. 61 



^Ernest Raia. "Fuel Cells Spark Utilities' Interest," High Tech- 
nology, vol 4, No 12, December 1984, pp 52-57 

61 N Honuchi et al , "Applications of Fuel Cell Power Plants ir 
;apanese Utility Use," 1983 National Fuel Cell Seminar Program 
and Abstracts (Washington, DC Courtesy Associates, Inc , 1984), 
Orlando, FL, Nov 13-16, 1983, pp 173176 



The rate at which fuel cells are deployed in the 
United States probably will be slow at first, until 
confidence among potential investors is built up. 
The length of this transitional period is a matter 
of speculation. It is likely that the first commer- 
cial units will not be erected until investors are 
convinced these early commercial systems will 
operate well. Since both the small (200 to 400 
kWe) and large (multi-megawatt) demonstration 
units will not be installed until the latter part of 
the 1980s, operat'ng experience sufficient to 
justify initial commercial orders probably will not 
develop until the beginning of the next decade. 
It is likely that the proposed termination of Fed- 
eral funding of phosphoric acid fuel cell devel- 
opment will slow this process and perhaps weaken 
the industry's competitive status with the Japa- 
nese; but it is not clear how serious the effect will 
be. 62 

The potential market in the United States is very 
large. An EPRI study of the potential utility mar- 
ket suggests that fuel cells could provide as much 
as 65,000 MWe of generating capacity by 2005. 63 
At the same time, circumstances favor nonutility 
development too. Substantial advantages are 
associated with dispersed cogeneration applica- 
tions under nonutility ownership. Investors, led 
by the gas utilities and perhaps the fuel cell man- 
ufacturers themselves, could stimulate rapid 
growth in nonutility applications in the 1990s. 64 

By the mid-1 990s, total experience around the 
country and in Japan could be sufficient to trig- 
ger rapid growth in the technology in the late 
1990s. With very favorable conditions, this 
growth could occur even sooner Various impedi- 



"Robert L Gviak, et al , Impacts of Proposed Budget Cuts in 
Selected Energy Research and Development Programs (Washing- 
ton, DC Congressional Research Service, 1985) 

* J EI?ctric Power Research Institute (EPRI), Application of Fuel Cells 
on Utility Systems. Study Results (Palo Alto, CA: EPRI, 1983), vol. 
1, EPRI EM-3205. 

"Peter Hunt Associates, Analysis of Equipment Manufacturers 
and Vendors in the Electric Power Industry for the 1990s as Re- 
lated to Fuel Cells, op cit , 1 984., Peter B Bos and Jerome M. Wein- 
gart, "Integrated Commercialization Analysis for New Power Gen- 
eration Technologies," Energy Technology XI, Applications and 
Economics: Proceedings of the Eleventh Energy Technology Con- 
ference, Mar 19-21 1984, Richard F. Hill (ed.) (Rockville, MD: Gov- 
ernment Institutes, Inc., August 1*84), pp 188-205, and "Industrial, 
Commercial Sites Eye Fuel Cells," Coal Techno'ogy Report, Jan. 
23, 1984, o 2 
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ments, however, could delay extensive commer- 
cial deployment until after the close of the cen- 
tury. These impediments are listed below. 

Equipment Cost and Performance.— As was 

discussed in chapter 4, current evidence suggests 
that it is possible to mass produce fuel cells, to 
sell them at acceptable prices, and to operate 
them without excessive problems. However, this 
is by no means certain. Demonstration plants are 
necessary to reduce the uncertainty to a level 
more acceptable to investors. Further research 
and development, aimed at incremental improve- 
ments in the equipment, would increase the pos- 
sibility that cost and performance will fall within 
the necessary ranges in the 1990s. 

Perhaps the most important impediment fac- 
ing the fuel cell is the lack of an initial market 
sufficient to justify mass-production. Without a 
sizable initial market, only small numbers of rela- 
tively expensive fuel cells can be manufactured. 
These must be sold at high prices— thereby inhib- 
iting demand— or the manufacturer must, in the 
short term, operate at a loss. The time it takes 
to overcome this problem will, perhaps more 
than any other factor, determine the rate of com- 
mercial application of fuel cells in the 1990s. 

Technology Demonstration.— The successful 
demonstration of both small and large fuel cells 
will be of critical importance to stimulating in- 
vestment in the technology. Demonstration units 
will be needed to encourage the initial round of 
orders. 

Utility Energy and Capacity Credits, and In- 
terconnection Requirements.— As mentioned 
above, a majoi market for fuel cells lies outside 
the electric utilities. Like other grid-connected, 
nonutility applications initiated under PURPA, 
low energy credits, low capacity payments, and 
stringent interconnection requirements discour- 
age deployment by nonutilities. Even where the 
possibility exists that credits could drop during 
the lifetime of a project, investment is discour- 
aged. Also, any difficulties (such as delays) en- 
countered in seeking to obtain favorable credits 
or interconnection requirements discourages 
nonutility deployment. 



Licensing and Permitting Delays.— In the long 
term, licensing and permitting delays are likely 
to be minimized by virtue of the technology's 
relatively low environmental impacts. However, 
other circumstances might lengthen delays. The 
technology will in many instances be installed in 
areas where powerplants have not been tradition- 
ally sited and in highly populated areas where 
safety considerations are likely to be heavily em- 
phasized. Moreover, the technology is new and 
regulatory officials are not well acquainted with 
it. The 4.5 MWe facility which was installed in 
New York was the subject of many unexpected 
delays; similar problems could develop with fu- 
ture plants. 

Integrated Gasification/Combined- 
Cycle Plants 

History and Description of the Industry 

The i ntegrated gasif ication/com bi ned-cycle 
plant (IGCC) is a relatively new combination of 
components— gasifiers, gas turbines, and steam 
turbines— which themselves have been around 
in some form for a long time. Sieam turbines have 
been us°d to generate electrical power since 
1930 in the United States, and now are used to 
generate more electrical power worldwide than 
any other technology. 65 

Gas turbines were not used for commercial 
generation of electric power in the United States 
until 1961. Spurred by the need for fast-starting 
generating capacity and encouraged by the short 
lead-times typical of gas turbines, utilities in the 
1960s and early 1970s deployed many of these 
units. 66 

Coal gasifiers were being used commercially 
by the early 1800s. By 1930, there were about 
1 1,000 coal gasifiers in *he United States. These 
were used to produce gas for both light and heat 
in cities as well as for industrial uses. From the 
1930s through the mid-1 950s, development con- 



"Based on telephone conversation between Bruce W Morrison, 
V P Atlantic Region, Westinghouse Electric Corp , and OTA staff, 
May 16, 1985 

"Ibid 
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tinued, especially in Germany and the United 
States. The basic design of large commercial gas- 
ifiers which today form the basis for ICCC devel- 
opments originated during this period. 67 

With the availability in the United States of low 
cost, reliable supplies of natural gas in the late 
1950s and the 1960s, activity involving coal gasifi- 
cation in the United States was maintained at only 
a very low level, though it continued to be im- 
portant in ihe steel industry. Greater interest con- 
tinued overseas, however, where circumstances 
favored the technology's development. 

The 1970s brought renewed interest in gasific. - 
tion for various applications, including electricity 
generation. The use of coal gasifiers in electricity 
generation offered some important advantages. 
It allowed for greater reliance on domestic coal 
resources, less dependence on oil or gas, and its 
environmental impacts were less severe than 
those of more conventional coal-fired equipment. 
In addition, coupling a coal gasifier to a com- 
bined-cycle system appeared to meet the grow- 
ing demand for highly efficient generation. 

But the economic use of gasifiers in electricity 
production required technical improvements 
over earlier commercial technologies. In response 
to this need, advanced gasifiers have been de- 
veloped. Several prime candidates for applica- 
tion in IGCC systems for the 1 990s have emerged; 
these gasifiers have either been used commer- 
cially in some application, or are in advanced 
stages of development. Each has specific advan- 
tages and disadvantages. The principal corpora- 
tions developing gasifiers included Texaco, Inc., 
Shell, the Allis Chalmers Corp., Dow Chemical, 
the British Gas Corp. (BGC), Kellog Rust (the KRW 
gasifier), and '.urgi Cesellschaften. The latter two 
corporations have cooperated in the develop- 
ment of a single gasifier design known as the 
BGC/Lurgi gasifier. 

The current status of gasification systems be- 
ing developed by these corporations is sum- 
marized in table 9-4. Activities directed towards 
'* ? development and commercial deployment of 



"'Synthetic Fuels Associates, Inc , Coal Gasification Systems. A 
Guide to Status, Applications, and Economics (Palo Alto, CA Electric 
Power Research Institute, 1983), EPRI AP-3109 



the gasifiers have not been directed just to IGCCs 
but to a considerably broader range of appli- 
cations. 

Among the major gasifier systems which had 
operated in nonelectric applications in the United 
States by mid-1985 were the Illinois Power Co.'s 
Wood River facility, which used a KILnGAS gasifier 
developed by the Allis Chalmers Corp. primar- 
ily for IGCC applications; and Tennessee Eastman 
Co.'s gasification plant in Kingsport, Tennessee, 
which used Texaco gasifiers. Other important 
gasification plants have been operated by the 
Tennessee Valley Authority; and by the Great 
Plains Gasification Associates in Beulah, North 
Dakota. Many of these projects have received 
Federal support through DOE or the Synthetic 
Fuels Corp. Coal gasification meanwhile has been 
pursued overseas as well. 

Only one type of gasifier, developed by Tex- 
aco, had by mid-1985 been deployed in an IGCC 
installation in the United States— the Cool Water 
Project, the world's first demonstration of an 
IGCC using commercial-scale components. Con- 
ceptual studies and other activities concerning 
this plant began in the mid-1970s and in 1979 
Southern California Edison and Texaco signed an 
agreement which formally initiated the project. 

The effort later was joined by EPRI, Bech -I 
Power Corp., the Japan Cool Water Program Part- 
nership, the Empire State Electric Energy Research 
Corp. (a group of New York State utilities), SOHIO, 
and General Electric. Sizable loans were provided 
by banks in the United States and Japan. EPRI has 
made the greatest funding contribution to the 
program. 

As the project progressed, oil prices dropped. 
Avoided costs, the basis for the purchase price 
of power produced by the plant, consequently 
would not be as high as was originally anticipated 
by the project sponsors. They were compelled 
to obtain price support guarantees from the Syn- 
thetic Fuels Corp. These amounted to a maxi- 
mum of $120 million, to be provided during the 
plant's demonstration period, running through 
June 1989. 68 



"Paul Rothberg, Synthetic fuels Corp. and National Synfuels Pol- 
icy (Washington, DC. Congressional Research Service, 1984), Issue 
Brief Number IB81139. 
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Process 



Table 9-4.— Status of Developing Gasification Technologies 



Value of 
technology for 
electric power 

production 



Small pno! units 
(< 50 t/d) 



Number of untts in design construction or operation in June 1985 

IGCC units 

Large pilot units (demonstration/commercial) 
(100-300 t/d) (>600 t/d) 



Other large-scale 
demonstration or 
commercial units 



Texaco 



High 



Texaco (Montebello) 
(2 gasifiers) 



BGC/Lurgi 



Shell 



Dow 



KRW (Westinghouse) 



Allis Chalmers 



High 



High 



High 



Modern-high 



Moderate 



00 

• British Gas (Midlands) 
(1 gasifier) 

m 

• Shell (Amsterdam) 
(1 gasifier) 

® 

• Dow (Freeport) 
(1 gasifier) 

• Dow (Ptaquemine) 
(1 gasifier) 

m 

• Westinghouse 
(Waltz Mill) 

(1 gasifier) 

ffl 

• AC (Oak Creek) 
(1 gasifier) 



1 Ruhrkohte/Ruhrchemie 
Oberhausen 
(1 gasifier) 
TVA-Muscle Shoals 
(1 gasifier) 



ffl 

• British Gas (Westfieid) 
(1 gasifier) 



■ Shell (Harburg) 

(1 gasifier) 
! Shell (Deer Park) 

(1 gasifier j_j 

1 Dow (Plaquemine) 
(larger than 300 t/d) 
(1 gasifier) 



Cool Water 
(2 gasifters) 



a 

1 Detroit Edison/ 
Consumers Power 
(4 gasifiers) 

• Northeast Utilities 
(1 gasifier) 

m 

> Dowsyn (Plaquemine) 
(1 gasifier) 



m 

! Keystone (Johnston PA) 
(2 gasifiers) 



1 Tennessee Eastman 

(2 gasifiers) 
1 UBe Ammonia 

(4 gasifiers) 

• Ri'hrkole/Ruhrchemie 
(1 gasifier) 

1 Lunan (China) 
(2 gasifiers) 
ffl 

• British Gas (Westfieid) 
(1 gasifier) 



m 

China 
(1 gasifier) 

ffl 

KlLnGAS (Wood River) 
(1 gasifier) 



{ Represents total number ot gasifiers within any category 

SOURCE M Gluckman Electric Power Research Institute personal communication June 1985 



Another IGCC unit soon will be under con- 
struction in Plaquemine, Louisiana. Designed by 
Dow Chemical, the plant is expected to begin 
operating in 1987 with a substantial contribution 
from the Synthetic Fuels Corp.— $620 million in 
price guarantees. Most recently, three U. S. 
utilities— the Potomac Electric Power Co., the Vir- 
ginia electric Power Co., and the Detroit Edison 
Co.— have initiated the steps which could lead 
to the deployment of three IGCC units during the 
1990s. 69 

As suggested above, the development of gasifi- 
cation technologies has generally depended 
heavily on Federal support through the Synthetic 
Fueis Corp. In addition the Federal Government 

69 For details on Potomac Electric Power Co 's (P£PCO) plans, see 
r - en M Scherer, "PEPCO's Early Planning for a Phased Coal 
>ification Combined Cycle Power Plant," paper presented at the 
iVKI and Kernforschungsanlage julich Conference on Coal Gasifi- 
cation and Synthetic Fuels for Power Generation, San Francisco, 
CA, April 1985 



has supported the development of gasification 
through DOE and its predecessor agencies. Most 
of this DOE support has been for research, de- 
velopment/ and demonstration of surface coal 
gasification. 70 As indicated in table 9-2, this sup- 
port peaked in 1 978 at $208 million and has de- 
clined since to a proposed $1 5 million for fiscal 
year 1986. 

Efforts in the private sector on behalf of the 
IGCC have emanated mainly from the equipment 
developers in the private sector, interested utili- 
ties and EPRI. The vendors of both the turbines 
and the gasifiers are large corporations which 
have funneled considerable capital into the re- 
search, development, and demonstration of their 
products. While the investments sometimes are 



Surface coal gasification is distinct from underground coal gasifi- 
cation. The latter involves techno! ^jies which are very different 
from those considered here and are not candidates for IGCC sys- 
tems in the 1990s 
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directed primarily toward the application of the 
equipment to the ICCC (as was the case at the 
Cool Water Plant), they usually are intended to 
advance the technologies over a wider variety of 
applications. 

EPRI has devoted a large portion of its budget 
towards the development of the ICCC, both 
through numerous studies and through its fund- 
ing of the Cool Water Plant. EPRI also parented 
the Utility Coal Gasification Association (UCCA), 
a group of utilities interested in the ICCC. Formed 
by early 1983, the association collected and dis- 
seminated information on the technology and its 
applications, and otherwise encouraged its de- 
ployment. The early commercial users of the 
IGCC probably will be among the association's 
members. 

In addition to participation in the UCCA, some 
utilities have been considerably more involved 
in the technology. Southern California Edison, for 
example, invested heavily in the Cool Water 
project and has been very active in promoting 
the IGCC. 

Industry Outlook and Major Impediments 

Three primary criteria must be met if the IGCC 
is to make a sizable contribution to generating 
capacity in the 1990s. First, a number of utilities 
must be convinced the technology will perform 
as required over its entire 30-year lifetime. Sec- 
ond, the combination of cost, performance, and 
risk will have to be superior to that of both con- 
ventional and other developing technologies- 
including atmospheric fluidized-bed combustion 
(AFBC). Third, projects probabl, must be initiated 
no later than late 1993 if they are to come on- 
line within the 1990s. 

Taken together, these elements suggest that ad- 
ditional utilities indeed may step forward over the 
next 3 to 8 years and initiate IGCC plants. How- 
ever, the current evidence suggests other fac- 
tors—the most important of which are discussed 
below— may weigh against initiation of many 
projects during the short time available. Conse- 
quently, there is a possibility that only a few— 
perhaps a half-dozen or less— IGCCs will be op- 
erating in the United States by the end of the 
century. 



Equipment Cost and Performance.— Many of 
the individual components of the IGCC have 
been commercially applied for many years. 
Among available components is equipment 
which either already is adequate for IGCC appli- 
cations or probably will be in the near future. 
Other components, though, are relatively new 
and in fact may be unique to the IGCC. Evidence 
from the Cool Water plant experience to date and 
from other sources indicates that these compo- 
nents will perform adequately and will not in- 
volve excessive cost. However, experience with 
IGCCs is still limited, and while the Cool Water 
performance has been very good, many utility 
investors may still lack sufficient confidence in 
component cost and performance estimates. 
Consequently, even if cost reductions or perform- 
ance improvements are not in fact necessary, un- 
certainty about equipment cost and performance 
may be a serious impediment to timely in- 
vestment. 

Cost and Performance Data/Technology Dem- 
onstration.— An important concern about the 
IGCC in the eyes of investors over the next 5 to 
7 years will be the lack of demonstrated experi- 
ence with the entire system, and hence the lack 
of proven integrated cost and performance data. 
The Cool Water plant and the Dow facility prob- 
ably will be the only IGCCs to which investors 
may turn for a reference point. It is perhaps for 
this reason that an EPRI official in mid-1984 told 
a congressional subcommittee that the deploy- 
ment of at least one or two additional IGCC dem- 
onstrations in the United States, using perhaps 
the BGC or Shell gasifiers, was a very high pri- 
ority in promoting clean coal utilization in the 
1990s. 71 Others too have cited the need for fur- 
ther demonstrations. 72 



7, Dwain Spencer, Electric Power Research Institute, testimony 
presented in hearings held by the Subcommittee on Energy De- 
velopment and Applications, House Committee on Science and 
Technology, U S Congress, The Status of Synthetic Fuels and Cost- 
Shared Energy R&D Facilities (Washington, DC. U.S. Government 
Printing Office), No. 106, June 6, 7, and 13, 1984, p. 203 

72 See i) "Firms Plan CGCC Plant in Michigan," Synfuels Week, 
vol 6, No 13, Apr. 1, 1985, p 1. 2) "Va Power Plans 400 MW 
CGCC Plant," Synfuels Week, vol. 6, No. 12, Mar. 25, 1985, pp. 
1-2 This article dis<. isses the plans of Virginia Power Corp. to 
"repower" an existing powerplant with a gasification system, and 
a combined-cycle system to form a "coal gasification/combined 
cycle" unit or CGCC. The utility proposed that the Federal Gov- 
ernment subsidize the project It reported that even without Fed- 
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Utilities, of course, will examine their own ex- 
periences and those of others with gas turbines, 
steam turbines, and combined-cycles, and will 
scrutinize gasifiers operating both here and 
abroad in nonelectric applications. The favora- 
ble experience u ith those components certainly 
will help to reduce the risks perceived by inves- 
tors, but they are unlikely to fully offset the lack 
of experience with the ICCC itself. 

Note that as experience with the Cool Water 
plant accumulates, experience with AFBCs will 
be accumulating much more rapidly as both 
demonstration and commercial plants come on- 
line under both utility and nonutility ownership 
and under different operating conditions. It is 
likely that the AFBC, with its larger number of 
operating plants and its favorable cost and per- 
formance, will pose a formidable challenge to the 
ICCC for initial utility commitments. 

Licensing and Permitting Delays.— A major 
source of delay for ICCCs could lie in the licens- 
ing and permitting process. Though the environ- 
mental impacts of the ICCC will be less severe 
than those of its conventional competitors, it 
nevertheless does have significant impacts on the 
environment. Concern over the impacts could re- 
sult in delays, particularly if the potential envi- 
ronmental impacts are not precisely known by 
regulators, or where important regulatory issues 
regarding the technology have not been satisfac- 
torily resolved. 

For example, very little data are available on 
the long-term leaching characteristics of gasifica- 
tion ash/slag. Furthermore, the analytical tools 
necessary to adequately determine the possible 



eral support, it would install the combined-cycle portion of the plant 
and operate it beginning in 1993 But the gasification portion of 
the project would be delayed without Government support; the 
system would employ natural gas instead of gas produced fnm coal 
Referring to the gasification portion of the system, officials ot the 
utility reportedly stated that "the technology is unproven and the 
utility decided that pnw tely financing its early introduction in the 
marketplace would be 'an unreasonable risk to (Virginia Power) 
ratepayers and stockholders ' " A company official was quoted as 
saying "We are a risk averse industry. Without some Government 
help to defray the risk, our implementation of the gasification tech- 
nology would just have to wait " According to the utility, without 
Government assistance, the "conversion to coal gasification could 
be subsequently pursued when the technology and economics be- 
come favorable about ten years later or 2003 " 



impacts of the solid waste in a specific environ- 
ment, and to properly develop or assess meas- 
ures to mitigate those impacts, are lacking. Yet 
such H,ita and methods are required to properly 
determine whether or not the solid waste should 
be treated as hazardous or nonhazardous, and 
in evaluating specific plant proposals. 73 

Certainly measures can be taken by govern- 
ment authorities to expedite the ICCCs progress 
through regulatory channels. 74 Regulatory bod- 
ies may provide an ICCC technology with spe- 
cial treatment, as was the case in California with 
ihe Cool Water project. Under such circumstances, 
delays may be reduced substantially. More im- 
portantly, constructors of initial plants can work 
closely with regulatory bodies to ensure efficient 
resolution of potential concerns. If either of these 
paths are followed, the amount of IGCC capacity 
by the year 2000 could be substantially higher 
than would otherwise be the case. If such is not 
the rule, however, delays could result because 
of the newness of the technology that could seri- 
ously impede the ability of project promoters to 
bring IGCCs on-line before the end of the century. 

Stringency of Environmental Regulations.— 

A major advantage of the IGCC over its conven- 
tional competitors is its potential to operate with 
lower nitrogen oxide and sulfur oxide emissions, 
at incremental costs lower than those associated 
with equivalent emission reductions in a conven- 
tional coal plant. Where emissions are severely 
limited, the IGCC is able to capitalize on this 
advantage. Where such limitations are lacking, 
however, the IGCC is less able to successfully 
compete with the more conventional alternatives. 
The lack of stricter regulations which require 
lower emissions consequently may reduce incen- 



"Masood Chassemi and George Richard, "Regulatory Require- 
ments for Land Disposal of Coal Gasification Waste and Their Im- 
plications for Disposal Site Design/' Energy Sources, vol. 7, No. 
4, 1984, pp 357-376. T he authors state that ". . environmental 
issues involving disposai of these wastes may constrain the com- 
mercial development of gas supply technologies" \p. 358). 

"See- 1) Masood Chassemi and George Richard, "Regulatory Re- 
quirements for Land Disposal of Coal Gasification Waste and Their 
Implications for Disposal Site Design," op. cit., 1984. 2) Arturo 
Gandara, "Environmental Considerations in Siting Alternative Fuel 
Generating Facilities," California Energy Commission News and 
Comment, No 13, spring 1984, pp 4-18 (reprint of testimony nre- 
sented to the Advisory Committee on Federal Assistance on Alter- 
native Fuels, Oct 31, 1983) 
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tives to more extensive deployment of ICCCs in 
the 1990s. 

Fuel Use Restrictions.— An ICCC plant typi- 
cally will require access to natural gas. If the m- 
sial'ation is built in stages, the gas turbines can 
be installed first and can use natural gas as an 
interim fuel until the gasifiers are completed. Also, 
natural gas can be used during the lifetime of the 
plant to replace or supplement the synthetic gas 
produced by the gasifiers. As explained earlier 
the Fuel Use Act prohibits the use of natural ga 1 
under certain conditions. An exemption would 
be required from the Federal Government which 
would permit the use of natural gas in an ICCC. 
This could cause delays in a project, , 1 denial 
of an exemption may even lead to project aban- 
donment. 

Atmospheric FluidizedBed 
Combustors 

History anc | Description of the Industry 

In the early 1920s, fluidized beds were applied 
for the first time in Germany to produce com- 
bustible gases from coal. Subsequent develop- 
ment led to their use in "cracking" the heavy 
fractions of petroleum, first in 1942 and exten- 
sively thereafter. Further efforts led to their ap- 
plication to other industrial uses and eventually 
to produce steam. The first commercial fluidized- 
bed boiler began operation in France in 1955. 
Serious development of fluidized-bed boilers did 
not begin in the United States until 1965. 7S 

By 1976, DOE was funding the construction of 
the first industrial-sized AFBC boiler in the United 
States-a 30 MWe pilot plant in Rivesville, West 
Virginia Several more small industrial AFBCs 
were built in the late 1970s and early 1980s as 
the technology progressed rapidly and small 
AFBCs became competitive with conventional 



^Shelton Ehrlich "History of the Development of the Fluidized- 
Bed Boiler, ' Proceedings of the 4th International Conference on 
Fluidi/ed-Bed Combustion, Dec 9-//, 1975 (McLean. VA MITRE 
Corp May 1976). Publication M76-*6, pp 15-20, and A M Squires 
' Contributions Toward a History of Fluidization," Proceedings of 
the joint Meeting of the Americ an nstitute of Chemical Engineers 
and the C hemic al Industry and Engineering Soc ietv oi China Sept 
20 22 W82 (New York American Institute of Chemical Engineers, 
I9ri*> pp U> V,\ 



options in the marketplace. Coincident with the 
emergence of small AFBCs during this period was 
the implementation of PURPA, which set the 
stage for a rapid increase in the deployment of 
AFBCs in cogeneration applications. 

By early 1985, over 2,200 AFBCs were operat- 
ing in China, and between 200 and 300 were 
operating or under construction elsewhere in the 
world, mostly in Western Europe, Japan, and the 
United States. Most of those outside China were 
small ndustrial units. Over 40 small AFBCs were 
operating or under construction in the United 
States by early 1985, and by mid-1985, over a 
dozen privately financed commercial AFBC co- 
generators were being built in the United States. 
Unit sizes of these U.S. plants range from 1 5 to 
1 25 MWe; none of these fully commercial units 
is owned by an electric utility. 76 

Ihe electric utilities are, however, showing a 
growing interest in the technology. The thrust of 
utility-sponsored R&D has been the development 
of AFBCs with capacities in excess of 100 MWe 
for retrofit to existing powerplants or for entirely 
new plants. Toward this end, three demonstra- 
tion projects are currently under construction. 
Two are retrofit units being incorporated into ex- 
isting plants 77 The third is a 160 MWe demon- 
stration unit at the Tennessee Valley Authority's 
(TVA) Shawnee Steam Plant in Paducah, Ken- 
tucky. The retrofit units will begin operating in 
1 to 2 years; the TVA unit is expected to be fired 
first in 1989. 

Central to the utility efforts has been the Elec- 
tric Power Research Institute. By 1977, EPRI had 
built a 2 MWe pilot plant. This was followed by 
a 20 MWe plant which began operation in 1982. 
EPRI now is partly funding all three of the above 
mentioned demonstration projects. 



76 For a comprehensive review of the current status of AFBCs, 
see Bob Schwieger, "Fluidized-Bed Boilers Achieve Commercial 
Status Worldwide," Power, vol 129, No 2, February 1985, pp 
S-1 through S-16 

77 These are the Colorado Ute 100 MWe Nucla unit, scheduled 
to begin operating tn 1987, and the Northern States Power Co s 
125 MWe Black Dog Unit 2, expected to be in operations in 1986 
Note that one small retrofit unit already has operated Tms is the 
Northern States Power Co 's French Island Plant, Unit #2 The 15 
MWe retrofit began operation in 1981 
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The Federal Government too has supported the 
technology with a program which first led to the 
construction of the Rivesville plant in 1976 and 
su^ sequently to a series of pilot and demonstra- 
tion facilities. Federal support peakrJ in 1980 at 
almost $30 million and has dropped sharply 
since. By far the largest portion of Federal fund- 
ing for the AFBC now is channeled into the TVA 
160 MWe demonstration plant -$30 million of 
the $220 million required for that project. 

The industry which supplies AFBCs is large and 
well established. About 50 companies sell the 
industrial-sized boilers worldwide. Often, these 
are the same companies which sell conventional 
technologies. The adoption of the AFBC by these 
firms is likely to facilitate its deployment in the 
United States. 

Irdustry Outlook and Major Impediments 

Four applications of the AFBC may be impor- 
tant over the next 15 years: grass-roots electric- 
only plants, retrofit electric-only plants, cogen- 
eration installations, and nonelectric systems. The 
electric-only units are likely to be deployed by 
utilities, whereas the cogeneration and nonelec- 
tric units probably would be built and operated 
b\ nonutility investors. 

Cu r rent evidence suggests that the electric-only 
retrofu units, and cogeneration plants and non- 
electric facilities financed by nonutilities may very 
well dorrinate the AFBC market in the 1990s. The 
rapid accumulation of operating experience with 
these- units and their short lead-times— substan- 
tially shorter than those which would character- 
ize large 100 to 160 MWe grass-roots, electric- 
only units 78 — makes their near-term prospects 
very bright. 

The small AFBCs are being deployed exten- 
sively and many are expected to be initiated over 
the next decade. The market appears to be vig- 
orous and growing, and suppliers abound. No 
barriers unique to these small units are expected 
to imped? deployment, though some problems 



78 Ret,ofit units in many cases involve very little regulator/ delay, 
as they are deployed at preexisting plants Cogeneration units and 
nonelectric units commonly are very small, are not owned by util- 
ities, and are not subject to the same extensive regulatory delays 
which characterize large utility owned projects 



rommon to nonutility technologies— such as the 
adequacy of PURPA avoided cost payments- 
may develop. 

A substantial utility retrofit market has also been 
identified; strong evidence indicates that numer- 
ous powerplants in the United States are candi- 
dates for AFBC retrofits. Most are small (less than 
200 MWe), old units which are configured so as 
to allow a retrofit. Retrofit units probably will 
dominate early utility involvement with the AFBC. 
By the 1 990s there will be more operating experi- 
ence with retrofit units than with large grass-root 
units. Such retrofits appear to offer utilities a low 
cost option for improving existing capacity; they 
also require less time to deploy than the grass- 
roots plants. Commercial retrofits therefore could 
begin coming on-hne before 1995, and large 
numbers may commence operating before the 
close of the century. 

By the early 1990s, experience with the large 
utility demonstration units, expected to begin 
operating in the late 1980s, as well as experience 
with the smaller AFBCs outside the utility indus- 
try, may ^ster both technical improvements and 
utility confidence. The prospects appear to be 
good that extensive utility orders of large, com- 
mercial, grass-roots plants could begin at that 
time; 79 these plants could provide substantial 
amounts of electricity by the late 1990s. Delays 
of any kind, however, may limit the potential of 
AFBC grass-roots plants within this century. Such 
delays could be occasioned by problems or un- 
certainties associated with the performance of the 
larger AFBC units, or by difficulties in the licens- 
ing or permitting process. 

Compressed Air Energy Storage 
Industry Description, History, and Outlook 

Major efforts in the United States on behalf of 
compressed air energy storage (CAES) began in 
the latter half of the 1970s, stimulated by the Fed- 
eral Government, the Electric Power Research In- 
stitute, interested utilities, and others. Most 



79 See Robert Smock, "Utilities Look to Fluid Bed as Next Step 
in Boiler Design," Electric Light and Power, vol 62, No. 7, July 
1984, pp 27-29, and Taylor Moore, "Achieving the Promise of 
FBC," EPRI journal vol 10, No. 1, January/February 1985, pp 6-15. 
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important to these early efforts were three pre- 
liminary engmecmg-design studies, completed 
in 1981, which investigated the utility-specific ap- 
plication of CAES to the th.ee major storage 
media (hardrock, salt, and aquifer CAES). Shortly 
Lefore these studies were finished, in November 
1980, the Soyland Power Cooperative, Inc., in 
Decatur, Illinois, formally committed itself to 
building the first U.S. CAES plant. 

As these events unfolded in the United States, 
the world's first CAES plant vas built in Huntorf, 
West Ge r many; it began operating in December 
of 1978. Since that time, the 290 MVVe Huntorf 
unit has ooerated nearly 7 years without serious 
problems. Furthermore, a smaller 25 MWe CAES 
unit recent y was completed in Italy. Despite the 
successful operation of the German plant, the 
construction of the Italian plant and efforts in the 
United States to deploy CAES plants here, this 
country still is without even a demonstration 
plant, lhe Soylands plant was canceled, and 
since then no U.S. utility has initiated construc- 
tion of a CAES plant. 

Federal support rapidly declined aft^r peaking 
in 1978-79. Beginning with fiscal year 1983, DOE 
has provided no support to the technology (see 
table 9-2). Others, however, have continued pro- 
motional efforts. Although no CAES plants are 
now being constructed, EPRI and a private firm 
are currently performing an initial screening anal- 
ysis of CAES on 10 utility svstems. EPRI also is 
planning to provide funds in support of initial 
plant siting studies with interested utilities and in 
support of the installation of two or more 50 
MWe "mmi-CAES" plants. 80 Additionally, four 
consortia of architect/engineering firms, turbo- 
machinery suppliers and cavern builders have 
been formed to supply initial plants. 81 

These developments suggest that several mtni- 
CAES units could be initiated and built by the 
early 1990s. There are, however, no strong indi- 
cations that a maxi-CAES plant (with a capacity 
of several hundred megawatts) will be initiated 
in the next several years and will be on-line within 



"°David Rigney Electric p ower Research Institute, "Notes on 
Compressed Air tnergy Storage,'' provided to Brian E Curry, North- 
east Utilities, Mar h 1985 

n, lbid 



the first few years of the 1990s. Since a maxi-CAES 
plant will require a lead-time (including licens- 
ing and permitting) of approximately 5 to 8 years, 
plans to build any commercial maxi-CAES units 
must be underway no later than the end of 1994 
for contribution to generating capacity within this 
century. Current evidence suggests that utility 
orders would be unlikely w'thout a U.S. demon- 
stration plant. 

The prospects for mmi-CAES plants in the United 
States appear to be much brighter. A mini-CAES 
plant requires a iead-time of approximately 4.5 
to 6.5 years. If several are initiated by the end 
of 1986, they could be on-lme by mid-1990. If 
extensive mmi-CAES capacity is to be on-line by 
the year 2000, however, plans to build such 
plants should be initiated no later than mid-1990. 
This would allow approximately 5 years for the 
demonstration units to operate and for a substan- 
tial market demand to develop. 

Such rapid growth in demand is possible, given 
the favorable levelized cost which might charac- 
terize CAES units (see chapter 8), and given the 
fact that many of the components are conven- 
tional and commercially available. Furthermo r e, 
the appropriate geology underlies 75 percent of 
the United States, so the market is potentially 
large and varied. EPRI estimates that CAES tech- 
nology has the potential of supplying 4 to 8 per- 
cent of peak demand by the year 2000. 82 

To accomplish this will require that lead times 
be kept short, and that other impediments be suc- 
cessfully cleared. The major impediments are dis- 
cussed below. Unless these are effectively and 
speedily eliminated, demand is more likely to in- 
crease gradually, with large numbers of orders 
unlikely before the latter half of the 1990s. 

Major Impediments to the Commercial 
Deployment of CAES Systems 

The major impediments to high deployment 
levels for CAES by the end of the century are out- 
lined below. 



•'Robert B Schamker, Executive Overview Compressed Air 
Energy Storage (CAES) Power Plants (Palo Alto, CA Electric Power 
Research Institute, August 1983), mimeo 
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Uncertainty Regarding Plant Cost and Per- 
formance.— As discussed above and in chapter 
4, while all of the individual above-ground com- 
ponents with the exception of the recuperative 
heat exchanger have been employed in other 
commercial applications, the performance of in- 
tegrated assemblies coupled to specific geologic 
reservoirs is still unproven in the United States 

A principal area of concern is the impact of 
daily variations in pressure, humidity, and tem- 
perature on the reservoirs; these at present are 
not precisely known. 83 The prime concern is leak- 
age of the air from the reservoir. Until one or 
more units have been installed and operated for 
at least several years, uncertainty will '•till trou- 
ble investors and is likely to strongly inhibit in- 
vestment in CAES. 

Licencing and Permitting Delays.— As dis- 
cussed in chapter 4, several regulatory problems 
could delay deployment of a CAES plant These 
plants employ a gas- or oil-fired combustion tur- 
bine. The operator of the plant must obtain an 
exemption from the Powerplant and Industrial 
Fuel Use Act of 1978. Other delays might result 
from environmental impacts regulatory problems 
might arise regarding atmospheric emissions, well 
drilling and construction, water consumption and 
contamination, and cavern excavation. The rela- 
tive inexperience of all concerned parties with 
CAES could further complicate the licensing and 
permitting process 

Batteries 

Industry Description, History, and Outlook 

Batteries first appeared in the 19th century and 
were quickly applied to railroads, telephones, 
and lights Near the beginning of this century, the 
all-elec tric automobile appeared using batteries, 
but it was not until 50 years later that utilities used 
batteries to level loads in urban areas. For exam- 
ple, batteries were used in Chicago to compen- 
sate for the effects on the direct-current (DC) elec- 
tric system of elevators and lights in large 
downtown buildings. 84 As the use of DC power 

"'Dec ision Fo< ln( Compressed 4/r Energy Storage Commer 
( uih/ation Potential and f PRI Roles in the C ommvn lali/ation , >rx - 
ess (Palo Alto (A fKtrn Power Research Institute 1 ( >82), EPRI 
EM 2780 

"'Jenny Hopkinson, The New Batteries" t PRI journal, vol h 
No 8, October 1%1 pf> U 1 * 



systems declined in the 1930s, the use of batter- 
ies by utilities declined as well. 8 * 

Over the past dozen ye ars, however, batteries 
tot stationary applications have been the subject 
of renewed interest and development Rapid 
technical progress has been made and batteries 
may eventually be used extensively in grid- 
connected applications to enhance peak load ca- 
pacity. 

At the forefront of battery development have 
been manufacturers in Western Europe, Japan, 
and the United States. Often closely affiliated with 
these R&D programs have been parallel efforts 
to develop batteries for mobile applications. Ef- 
forts directed towards stationary applications in 
the United States have been led by DOE, EPRI, 
and interested ecilities, as well as by batterv man- 
ufacturers themselves. 

DOE and EPRI together have 'unded the con- 
struction and operation of the national Battery 
Energy Storage Test (BEST) Facility in New Jer- 
sey as a national center where prototype battery 
modules are tested and evaluated, along with 
other related equipment. The facility first began 
operating m 1982. By May 1985, both advanced 
lead-acid and zinc-chloride batteries had been 
tested in the facility. Sodium-sulfur (or beta) and 
zinc-bromide batteries are expected to be in- 
stalled around 1989 or 1990. 

The Japanese meanwhile have vigorously de- 
veloped batteries under the auspices of MITTs 
Moonlight program since fiscal year 1980. The 
gOu. of the program is to demonstrate two 1 
MWe, 8 MWh battery installations by 1990. As 
is the case in the United States, both utilities and 
their customers have been identified as prime 
markets 86 Already the batteries are being used 
by utility customers in Japan, the Japanese National 
Railways, for example, has installed a Japanese- 



* s Peter A Lewis, Elements ot Load-Leveling Battery Design tor 
System Planning paper presented at the International Symposium 
and Workshop or. Dynamic Benefits ot Energy Storage Plant 
Operation 

*''Y Ariga, et a! , Central Reseurch Institute ot Electric Power In- 
dustry (japan), "Optimum Capac ities ot Battery Energy Storage Sys- 
tem for Utility Network and their Economics/' Advanced Energy 
Systems- Their Role in Our f-uture Proc eedmgs ot the 19th Inter- 
society Energy Conversion Engineering Conference, Aug 19-24, 
1984 (San Francisco, C A American Nuc lear Society, 1984), paper 
849050, pp 1075-1080 
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made lead-acid battery system. 87 Western Euro- 
pean manufacturers are very active as well. In- 
deed, West Berlin became the location of the 
world's first large, modern, grid-connected bat- 
tery installation. After operating a small prototype 
facility, the city's utility decided to build a 17 
MWe, 14.4 MWh facility Plant construction be- 
gan in early 1985. 88 

The battery technologies favored for wide- 
spread deployment in the 1990s are advanced 
lead-acid and zmc-chloride batteries. Both types 
of batteries have been successfully tested at the 
BEST Facility. The EPRI, vendors of both types of 
batteries, and others are laying the groundwork 
for the subsequent step for commercialization, 
multi-megawatt demonstration units within the 
next 5 years 

Early markets for the stationary batteries could 
reside with both utilities and nonutilities. Utili- 
ties can use batteries to level loads, shave peaks, 
regulate systems, or for spinning reserves. Non- 
ut 1 1 it les — commuter railways, for example— may 
use batienes to avoid the high cost of electricity 
during peak periods and to take advantage of 
lower prices during base periods. Recent analy- 
ses suggest that in some cases batteries could 
present very attractive investment opportunities 89 

The strongest segment of the battery industry 
is concentrating on the lead-acid battery. About 
a half-dozen companies, primarily producers of 
automotive batteries, cons.der the large load- 
leveling batteries as a technology with consider- 
able promise and have active R&D programs 90 

Lead-acid batteries are strong contenders, in 
part because the precipitous drop in lead prices 
resulting from Government-mandated removal of 
lead from paint and gasoline has drastically re- 
duced raw-material costs. In addition, the lead- 
acid battery industry is strong and well-estab- 

"Tiienn /orpette High-Tech Batteries tor Power Utilities " IEEE 
SfXHtrum vol 21, No 10, ()( tober 1984 pp 40-47 

""Glenn /orpette "High-Tec h Batteries for Power Utilities " op 
(it October 1984 

"''Bee hel Grouf) Inc , Ufxiated Cost Estimate and Benefit Anal- 
ysis of C ustomer Owned Battery Ent rgy Storage (Palo Alto, CA fclet 
trie Power Research Institute, january 1985), FPRI EM- 3872 

'♦"Arthur D Little, Commercialization Strategy for Load-Acid Bat 
tenes in I 'tility Load Leveling Af>[>lu at ions (Cambridge, MA Ar 
thur I) little. Im , 1980) DOE/FT/269U 1 
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hshed. However, while the industry is considered 
capable of financing the construction of a mass 
production facility, and though stationary mar- 
kets have interested all the major battery manu- 
facturers, to date they have been reluctant to 
make major investments. Apparently, they per- 
ceive the stationary market to be too unpredict- 
able—particularly when compared to the auto- 
motive market. A major uncertainty lies with the 
effect changing gas and oil prices would have on 
the technological choices between batteries and 
conventional generating technologies in meeting 
the need for peaking capacity. 91 

Meanwhile, the development of the zinc-chlo- 
ride battery has been shouldered mainly by one 
firm, Energy Development Associates (EDA). 92 
The company has introduced a large, prototype 
commercial module, known as the "FLEXPOWER" 
commercial load-leveling battery. It is rated at 2 
MWe, 8MWh. It plans to deploy the system in 
four stages, with the ultimate goal of commer- 
cially deploying the technology by the late 1980s 
or early 1990s. 93 Its design was "heavily influ- 
enced by the desire to meet both electric utility 
and customer side-of-the-meter markets with 
similar hardware " 94 The demonstration phase for 
the system will include installation and operation 
of a system by an industrial customer. 

Major Impediments to the Commercial 
Deployment of Batteries 

The major impediments to the widespread 
commercial deployment of batteries in the 1990s 
are discussed below. 

Technology Demonstration.— The successful 
testing of both lead-actd and zinc-chloride bat- 
tery modules has provided encouraging evidence 
in favor of the batteries. Commercial-scale multi- 
megawatt installations r>re required, however, 
which will demonstrate the capabilities of the sys- 
tems on a commercial scale, over extended peri- 

"'Ibid 

q2 A subsidiary of Culf + Western Industries 

9, B D Brummet, et al , Zinc -Chloride Battery Systems for Electnc- 
Utility Energy Storage, paper presented at the 19th Intersociety 
Energy Conversion Fngineering Conference, Aug 19*24, 1984, San 
Francisco, CA 

94 B D Brummet, et al , Zinc-Chloride Battery Systems tor Electric- 
Utility Energy Storage, op cit , 1984 
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ods, and under the variety of conditions expected 
of actual commercial plants. Until such demon- 
strations have taken place, extensive investment 
is unlikely. 

Equipment Cost and Performance.- Until dem- 
onstrations have been completed, and experi- 
ence has accumulated, it will be difficult to pre- 
cisely identify cost and performance impediments 
to commercial applications of batteries. A key 
variable affecting the future of lead-acid batter- 
ies will be the price of lead; low prices will be 
required to maintain acceptable costs. 

For zinc-chloride batteries, the major variable 
probably will be the level of demand for the large 
stationary batteries. Low costs will depend on 
mass production; mass production in turn will re- 
quire a sizable market. Vendors will be reluctant 
to invest in manufacturing capacity without strong 
indications that the market will absorb the quan- 
tities produced; yet the market is unlikely to de- 
velop until mass production drives prices down 
This "chicken-or-the-egg" dilemma may be the 
least tractable of the impediments confronting de- 
velopers of the zinc-chloride battery in the 1990s. 
This problem is considerably less serious with the 
leaa-acid battery because many of the lead-acid 
battery's components can be produced with ex- 
isting facilities dedicated to pre-existing markets. 
Lead-acid battery prices therefore are less sensi- 
tive to initial demand for the large stationary units. 

Utility Rate Structures.— The price customers 
pay for the use of utility-generated electric power 
during peak periods may differ from the price 
paid during oft-peak periods. A demand charge 
nridy be imposed based on a customer's peak de- 



mand (cost/kWe). Or, the energy charge (cost/ 
kWh) may be higher during peak periods than 
during other times of the day. Hence, there is an 
incentive for the customer to shift consumption 
away from peak periods. One way of doing this 
is with batteries. With low demand and energy 
charges or no incentive pricing, however, a bat- 
tery may not be justified. Or, even if the charges 
are high at present, the possibility that they may 
decrease (relative to off-peak rates) discourages 
customer investment in batteries. Current evi- 
dence indicates that both low charges and un- 
certainty over charges could be major impedi- 
ments to customer investments in batteries. 95 

Licensing and Permitting.— Generally, the in- 
stallation and operation of a battery unit will 
cause impacts far less serious than those associ- 
ated with most competitors. In most cases, few 
regulatory delays are likely to result. But for zinc- 
chloride batteries, serious licensing and permit- 
ting delays might occur as a result of the possi- 
bility that large volumes of chlorine or bromine 
might be released accidentally from a proposed 
battery installation. Consideration of the possi- 
ble problems is not likely to stop deployment in 
any particular instance. But difficulties, particu- 
larly vvith regulatory officials not well acquainted 
with the the technology or where the sue is in 
a densely populated area, could arise and cause 
lengthy delays 



'"Bechtel Croup, Inc , Feasibility Assessment ot Customer-Side- 
of-the Meter Applications for Batten/ Energy Storage (Palo Alto, CA 
Electric Power Research Institute, 1982), EPRI EM-2769. and Elec- 
tric Power Research Institute, Utility Ba:*^ry Operations and Ap- 
plications (Palo Alto, CA Electric Power Research Institute, 1983), 
EPRI 2946-SR 
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OVERVIEW 



Over the last several years, the need to diver- 
sify the electricity generation mix has become in- 
creasingly clear. Part of the strategy for meeting 
this policy object, ve has been sustained devel- 
opment of new electric generating technologies. 
With considerable uncertainty in load growth as 
well as other major policies affecting utility and 
nonutihty decisions about new and existing 
power generating capacity, the attainment of a 
diverse generation mix has taken on added di- 
mensions. Because of this uncertainty, it may be 
prudent to accelerate the availability of the tech- 
nologies discussed in this study so that they could 
make a greater contribution in the 1990s than 
currently is expected. 

Seeking diversity in electricity supply options 
is now not only being pursued to reduce depend- 
ence on oil but also in anticipation of the variety 
of future circumstances as discussed in the chap- 
ter 3, such as more stringent control of air pollu- 
tion emissions or increased availability of natu- 
ral gas. Developing technologies are of mtetest 
in the short term since they might contribute to 
ensuring a reliable and economic supply of elec- 
tricity over the next two decades under a vari- 
ety of these future circumstances. Many of these 
technologies also offer promise of fuel flexibility, 
increased efficiency, and other advantages. An 
increased contribution before the turn of the cen- 
tury, however, will require accelerated develop- 
ment of these new generating technologies, in- 
cluding progress in a number of critical areas. This 
is because at the current rate of development very 
few of the technologies considered in this assess- 
ment are likely to be deployed extensively in the 
1990s. 

This chapter discusses a range of alternative 
policy initiatives that could accelerate the com- 
mercial deployment of developing generating and 
storage technologies in the 1990s. The goals and 
options are summarized in table 10-1. The first 
t h ree 



Table 10-1.— Policy Goals and Options 



Reduce capital cost, Improve peformance, and resolve 
uncertainty: 

1 Increase Federal support of technology demonstration 

2 Shorten project lead times and direct R&D to near-term 
commercial potential 

3 Increase assistance to vendors marketing developing 
technologies in foreign countries 

4 Increase resource assessment efforts for renewable 
energy and CAES resources (wind, solar, geothermal, 
and CAES-geology) 

5 Improve collection, distribution, and analysis of 
information 

Encourage nonutlllty role In commercializing developing 
technologies: 

1 Continue favorable tax policy 

2 improve nonutility access to transmission capacity 

3 Develop clearly defined avoided energy cost 
calculations under PURPA 

4 Standardize interconnection requirements 

Encourage Increased utility Involvement In developing 
technologies: 

1 Increase utility and public utility commission support 
of research, development, and demonstration activities 

2 Strengthen provisions for utility subsidiaries involved 
in new technology development 

3 Resolve siting and permitting questions for developing 
technologies 

4 Other legislative initiatives* PIFUA, PURPA, and 
deregulation 

Resolve concerns regarding Impact of decentralized 
generating sources on power system operation: 

1 Increase research on impacts at varying levels of 
penetration 

2 Improve procedures for incorporating nonutihty 
generation and load management in economic 
dispatch strategies and system planni ng 

SOURCE Office of Technology Assessment 

A. Reduce capital cost, improve performance, 
and resolve uncertainty, 

B. Encourage nonutihty role in commercializ- 
ing developing technologies, and 

C Encourage increased utility involvement in 
developing technologies, 

are the primary goals; while the fourth: 

D. Resolve concerns regarding the impact of 
decentr- !,zed generating sources (and load 
management) on power system operation, 

is less critical although still important. 
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GOAL A: REDUCE CAPITAL COST, IMPROVE PERFORMANCE, 
AND RESOLVE UNCERTAINTY 



As discussed in chapters 4 and 8, the current 
cost and performance characteristics (including 
uncertainty) of developing generating and stor- 
age technologies considered in this assessment 
generally do not yet compare favorably with ei 
ther conventional generating options or other 
strategic options such as load management and 
life extension of existing powerplants. Of particu- 
lar concern is the uncertainty in cost and perform- 
ance anticipated in early commercial utility ap- 
plications. Even in the case of load management, 
already being pursued aggressively by many util- 
ities, widespread deployment of load manage- 
ment in the 1990s will depend on continued ex- 
perimentation by utilities to resolve operational 
uncertainties; the refinement of load manage- 
ment equipment and techniques including ade- 
quate demonstration of communications and 
load control systems; development of incentive 
rate structures; and a better understanding of cus- 
tomer acceptance 

The following are alternative policy options 
aimed at reducing cost, improving performance, 
and resolving uncertainty in both cost and per- 
formance. 

Option A1: Increase Federal support of 
technology demonstration 

A critical milestone in both utility and nonutil- 
ity power producer acceptance of new technol- 
ogy is compk tion of a commercial demonstra- 
tion program. There is considerable debate in the 
industry ove r what constitutes a demonstration 
program, but usually two basic categories are dis- 
tinguished. One is a proof-of-conccpt phase 
which provides the basic operational data for 
:ommercial designs as well as test facilities de- 
signed to prove the viability of the technology un- 
der nonlaboratory conditions and to reduce cost 
and performance uncertainties. The other in- 
volves multiple applications of a more or less ma- 
ture technology designed to stimulate commer- 
cial adoption of the technology. In theory the 
distinction seems clear; in practice, it sometimes 
is not. Generally, though, activities in the first cat- 



egory are necessary for demonstrating technical 
feasibility, and activities in the second category 
are necessary for demonstrating commercial 
readiness and for accelerating acceptance by util- 
ities or nonutility power producers. 

The length of the appropriate demonstration 
period will vary considerably by technology. 
However, adequate demonstration periods (per- 
haps many years for larger scale technologies) are 
crucial to promoting investor confidence. More- 
over, the nature of the demonstration program— 
i.e., who is participating, who is responsible for 
managing it, and the applicability of the program 
to a wide variety of utility circumstances— is cru- 
cial too, if utilities, in particular, are eventually 
to buy the technology. 

Many utility decisionmakers argue that the per- 
ceived and real obstacles to adoption of devel- 
oping generating technologies can be removed 
by "well-managed federally sponsored incentives 
and projects." 1 A key ingredient is the nature of 
the relationship between government and indus- 
try in such ventures. A cooperative research and 
development (R&D) partnership has proven to be 
a key ingredient in many successful demonstra- 
tion programs. Demonstration programs should 
have the following characteristics: 

• The private sector should have considerable 
influence in the selection of technologies for 
demonstration as well as principal respon- 
sibility for demonstration program design 
and management of the demonstration proj- 
ect itself. 

• Private sector proprietary rights and owner- 
ship should be preserved, provided that such 
protection does not inhibit timely develop- 
ment of the technology. 

• Cost sharing between government and ; n- 
dustry has generally proved successful in en- 
suring both careful selection of the most 



'I R Straughn, Director of Research and Development, South- 
ern California Edison Co , testimony before the House Committee 
on Science and Technology, Subcommittee on Energy Develop- 
ment and Applications, June H, 1984 
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competitive projects and timely completion 
of the projects. 

• Federal Government commitments to a 
demonstration program should be stable and 
predictable— i.e., once made, such commit- 
ments should be honored for a sufficient 
period in order to convince developers that 
government is a "reliable partner." 

• First-of-a-kind, full-scale demonstration facil- 
ities should include support by all partners 
involved in the demonstration program for 
not only plant engineering and construction 
but also for extended plant operations. 2 

Smaller modular plant designs, where possible, 
are very attractive for demonstration projects 
since they normally require a smaller capital com- 
mitment than large central station designs In ad- 
dition, successful demonstration projects have in- 
cluded active participation from a wide range of 
P" vate sector interests such as architect-engineer- 
ing firms, equipment manufacturers, as well as 
the utilities themselves when appropriate. 

Option A2: Shorten project lead-times and 
direct R&D to near-term commercial 
potential 

Virtually all of the technologies considered in 
this assessment offer the potential of sizable de- 
ployment in electric power generation applica- 
tions beyond the turn of the century At the cur- 
rent rate of development, however, few of these 
technologies are likely to be extensively put in 
place in the 1990s. Under conditions of acceler- 
ated load growth in the 1990s, an increase in or 
a refocusmg of current Federal research, devel- 
opment, and demonstration (RD&D) activities 
could accelerate the deployment of early com- 
mercial units for most of the technologies con- 
sidered in this assessment. This includes atten- 
tion not only to the technologies themselves, but 
also to manufacturing techniques and equipment 
necessary to produce the technologies. 



•Adapted trom D Sprncer llectnc Power Researc h Institute, Rv 
marks on the Important of <i Fed"ral Government Role in Sup 
porting Demonstration Scale fac ihtics tor dossil and Renewable 
f nergy Je< hnologie-s ' testimony presented to the Mouse Commit 
tec on Science and Technology Surx ommittee on Fnergy Devel 
opment and Applications fune 7 1 { )84 



While the technologies considered here en- 
compass a wide range of sizes, scales, and levels 
of technological maturity, for purposes of discuss- 
ing appropriate policy actions it is convenient 
to divide them into two basic groups: 

• The first consists of technologies envisioned 
primarily for direct electric utility applica- 
tions, including integrated gasification/com- 
bmed-cycle (ICCC) plants, large (> 100 MW) 
atmospheric fluidized-bed combustors (AFBC), 
iarge (>100 MW) compressed air energy 
storage (CAES) facilities, large (>50 MW) 
geothermal plants, utility-owned fuel cell pow- 
erplants, and solar thermal central receivers. 

• The second group consists of technologies 
suitable either for utility or nonutility appli- 
cauons, including fuel cells and small (<100 
MW) AFBCs in nonutility cogeneration ap- 
plications, small (<100 MW) CAES, wind 
turbines, small ( < 50 MW) geothermal plants, 
batteries, and other scar power generating 
technologies such as photovoltaics and para- 
bolic dish solar thermal. 

A characteristic of the first group of technol- 
ogies is the likelihood of long preconstruction and 
contruction lead-times— up to 10 years. Although 
these technologies have the potential for much 
shorter lead-times— 5 to 6 years—problems asso- 
ciated with any new, complex technology may 
require construction of a number of plants be- 
fore that potential is met. If the longer lead-times 
are needed, deployment in the 1990s will be 
limited because of short time remaining to de- 
velop the technologies to a level acceptable to 
a broad array of utilities. 

The technologies in the second group are likely 
to have shorter lead-times and are often smaller in 
generating capacity. For increased contribution 
tnthe 1990s, however, most of these technologies 
will require stepped up development to reduce 
cost and resolve cost and performance uncertain- 
ties that concern utility decisionmakers and non- 
utility investors. 

It is important to note that this division between 
these two groups of technologies is not rigid. 
Some technologies the first group could also ben- 
efit from accelerated R&D ard some in the sec- 
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ond group could benefit from policies aimed at 
shortening lead-times. This overlap should be 
considered in applying policy actions to either 
group. 

Generally, though, the steps necessary to accel- 
erate contribution to electricity supply vary ac- 
cording to the technology. With the first group 
of technologies, it is necessary, first, to resolve 
cost and performance uncertainties within the 
next 5 to 6 years; and second, to take steps to 
achieve the short lead-time potential for early 
commercial units. Uncertainties in cost and per- 
formance stem largely from the lack of sufficient 
commercial operating experience to satisfy non- 
utility investors and utility decisionmakers. Util- 
ity decisionmakers, in particular, in the wake of 
their experience with nuclear power, are now 
particularly wary of new technology, especially 
large-scale technology, and they impose rigorous 
performance tests on technology investment 
alternatives This conservatism confers added im- 
portance to advanced commercial demonstration 
projects, as mentioned earlier in option A1. 

On the other hand, no significant acceleration 
ot existing RD&D schedules for the basic designs 
of the IGCC, large AFBC, and utility-scale geo- 
thermal plants is likely to be required for these 
technologies to be ready for the 1 990s. Their tran- 
sition from demonstration to early commercial 
units, however, will have to be ace 'erated if the 
technologies are to be used in serv.,ig d°mand 
growth in the 1990s if it occu.s Variations in basic 
designs or more advanced designs, however, will 
require additional R&D. 

Lead-times being experienced by early com- 
mercial projects m both groups of technologies 
have been longer than anticipated, partially due 
to the time required tor regulatory review. As reg- 
ulatory agencies become more familiar with the 
technologies, and their environmental benefits 
become clearer, the review process should be- 
come smoother and more predictable, although 
this is by no means guaranteed as evidenced by 
the history of other generating technologies If 
there is accelerated demand growth, however, 
it may be neces' ary to take those actions to en- 
sure lead-times consistent with those possible for 
these technologies Such actions include work- 



ing closely with regulators, and careful manage- 
ment of construction and early operation. By em- 
phasizing smaller unit size— 200 to 300 MW— 
these actions would be made easier. The success 
of the Cool Water project shows that such ac- 
tions are possible and effective. 

For the technologies in the second group, 
where cost and performance are of particular 
concern, one approach to accelerating develop- 
ment would be to increase or concentrate Fed- 
eral R&D efforts on those technologies. This could 
be particularly effective for photpvoltaics, solar 
thermal parabolic dishes, and advanced small 
geothermal designs. 

Option A3: Increase assistance to vendors 
marketing developing technologies in 
foreign countries 

The new generating technologies that appear 
to show the most promise for substantial deploy- 
ment in the 1990s are those that currently serve 
or have the opportunity to serve markets other 
than the domestic utility grid. Such markets are 
especially important as long as demand growth 
for new electric generating capacity is low and 
while cost and performance of these technologies 
are uncertain in grid-connected applications. For 
some of these technologies these markets are for- 
eign. Efforts on the part of the U.S. Government 
to assist in establishing access to markets for new 
generating technology equipment in foreign 
countries could be very important to the near- 
term viability of some of these technologies. Such 
efforts might include support for formation of 
renewable export trading companies, loan guar- 
antees, information dissemination, and help with 
joint venture and licensing applications in foreign 
countries. 

The pressures of competition from foreign ven- 
dors, many of whiJn are heavily supported by 
their governments, as well as the current lack of 
U.S. demand for some of these new technologies 
in grid-connected power generation applications 
raises the concern over the continued commit- 
ment of U.S. firms to developing these technol- 
ogies. This concern is heightened by pending 
changes in favorable tax treatment for renewable 
energy sources For some domestic firms who are 
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working on technologies such as wind, solar ther- 
mal electric, and photovoltaics (at least those 
focusing on concentrator technologies), the sur- 
vival of some domestic firms may be at ->take. 
They may not be able to or willing to compete 
in world markets over the next decade However, 
they may need those markets until their technol- 
ogy r an compete in the U.S. grid-connected 
power generation market. 

Option A4: Increase resource assessment 
efforts for renewable energy resources 

In those regions where renewable energy 
sources show promise for commercial applica- 
tion, a well-defined resource is essential for 
assessing the economics of proposed wind, geo- 
thermal, and solar power generating projects and 
for CAES projects. For example, there can b° a 
several hundred peicent difference in the energy 
generated by the s^me wind machines using 
different distributions of - he same annual mean 
wind speed; an untested site may require up to 
3 *'ears of data to confirm the extent and nature 
of the wind resource at that site. 

Reliable resource data lessens the uncertainty 
in energy production and hence the risk of in- 
sufficient project revenues. Some industry observ- 
ers 1 feel that, at least in the case of wind, "knowl- 
edge of the wind resource— its location and 
intensity— is the cornerstone to the development 
of wind energy/' 4 Lack of a detailed resource 
base is also an important factor in geothermal de- 
velopment and, to a lesser extent, in solar ther- 
mai electric and photovoltaic development. 

V/n,\ Riport ot the Wind Energy Lisk Force unpublished re- 
port (>egon Alternate Fnergy Development ( ommission, June 
!%() 

4 S Sadler et il W mdv L^nd (\\ners Guide , Salem OK Ore- 
gon Departm nt ot Energv I9tt4i 
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Option A5: Improve collection; distribution, 
and analysis of information 

A serious disadvantage facing all the develop- 
ing technologies is the lack of adequate informa- 
tion on the technologies and their markets among 
those whose decisions are important to their 
commercial deployment— investors, regulators, 
the general public and others. 5 

Nonutility market i-< i jrmation, in particular, is 
generally not available oecause these markets are 
not yet well developed. 6 The lack of information 
increases the general hvel of uncertainty and risk, 
and favors conventional technologies and mar- 
kets about which more is known. 

Programs designed to deliver accurate and use- 
ful information in a timely manner to the rele- 
vant individuals and groups would be helpful in 
accelerating deployment of the technologies. 
A ! so, efforts to increase the capability to use the 
information properly could be effective. Such ef- 
forts might include the training of individuals, the 
development of appropriate analytical methods, 
and acquainting people with the technology 
through demonstration projects. 7 

s This is a common impediment encountered by developing tech- 
nologies during the commercial transition See Arthur D Little, Inc , 
Barriers to Innovation in Industry Opportunities for Public Policy 
Changes (Washington, DC Arthur D Little, Inc , 1973) 

''The inadequacy of information on nonutility markets was pointed 
out in FERC Wants Cogeneration Tally, Results May Question Cen- 
ral Plant Need," Electric Utility Week, Mar 18, 1985, p 3 The 
article raises the possibility that the failure to adequately consider 
nonutility power producers may severely distort analyses such as 
those performed by the Department of Energy The Energy Infor- 
mation Administration, for example, in its Annual E nergy Outlook- 
1984, does not include any nonutility capacity in its calculations 
of plant construction through the year 1995 

7 For an intormaiive discuss'on of the importance to public util- 
ity commissions of f he collection, distribution, and analysis of in- 
formation, see S Wiel, Commissioner, Public Service Commission 
ot Nevada, Statement before the Subcommittee on Energy Devel- 
opmei.t and Applications, Committee on Science and Technology, 
House ot Representatives, U S Congress, Mar 5, 1985 
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GOAL B: ENCOURAGE NONUTILITY ROLE IN COMMERCIALIZING 

DEVELOPING TECHNOLOGIES 



Option B1: Continue favorable tax policy 

The Renewable Energy Tax Credits (RTCs) have 
been an important contributor to the Federal pol- 
icy of supporting the infant renewable energy in- 
dustry. 8 While the RTCs have been in effect since 
1978, they have only been utilized to a signifi- 
cant degree since 1981 for electric power projects 
and aie only applicable to nonutility facilities. For 
wind projects, in particular, the credits seemed 
to have spurred development significantly for two 
reasons: 

1. With the tax credits, projects with design 
specifications using current cost and per- 
formance technology present competitive 
rates of return for prospective investors, par- 
ticularly in California where State tax credits 
and high PURPA avoided cost rates are ad- 
ditional incentives. Even if the design speci- 
fications for a prospective project are not 
realized, as has been the case for a large 
number of first generation wind projects, the 
tax benefits alone associated with these 
projects, many of which were initiated to test 
innovative designs, have been sufficient to 
attract considerable investment interest. This 
has been particularly true for investors with 
income from other investments 

For example, using OTA's cost and per- 
formance estimates (appendix A), the cumu- 
lative tax benefits— including accelerated 
depreciation allowances (ACRS), lnvestmen f 
Tax Credits !' Cs), and RTCs— shows th 
wind turbines as well as geotherm, ! projjc 
are attractive investment opportunities un- 
der all reasonable cost and performance 
scenarios PVs become competitive uncW 
the "best case" scenario. Some of the de- 

*The Energy fax A< t ot 1978. the .ong-term "support ot an in- 
tdnt industry" motivation for the renewable energy ( redit was quite 
ditterent from the sister tax ( redit lor c onservation which was moti- 
vated ')v the short term ohje( tive tor encouraging energy conser- 
vation 



tails of this analysis are illustrated in figure 
10-1. 9 

2. While the first generation wind projects in 
California generally did not perform well, 
they served as the "test bed" for small wind 
machines (less than 200 kW) that have not 
been the focus of the Federal R&D program. 
Indeed, the wind industry is currently mov- 
ing from these first generation small ma- 
chines to medium-sized machines (200 to 
1,000 kW) as the technology matures. 

The effect of the RTCs on internal rates of re- 
turn for solar, geothermal, and wind projects is 
shown in figure 10-1, including the "worst case/' 
"most likely/' and "best case" cost and perform- 
ance scenarios defined in chapter 4 and appen- 
dix A. It should be noted that special investment 
structures such as safe harbor leases or other tax 
leveraged vehicles can improve the attractiveness 
of the investment considerably by limiting risk 
and/or offering substantial tax benefits (as dis- 
cussed in chapter 8). Such mechanisms have be- 
come more the rule than the exception in the in- 
dustry in the last several years. As renewable 
technology matures, the quality of investments 
will improve regardless of the tax implications, 
if avoided cost rates remain sufficient as shown 
in the figure. Figure 10-2 shows the breakeven 
avoided cost (buy-back) rates necessary to yield 
a 15 percent real internal rate of return. 

The role of the RTC in accelerating commer- 
:al development seems to have changed from 
jts original design, at least for the technologies 
considered in this assessment. Th. original F^J- 
eral policy was to provide direct research sup- 
port to develop the technology and the RTC to 
accelerate commercial deployment. With de- 
creased Federal R&D support, the RTC appears 



q Also see P Blair, testimony presented in hearings held by Sub- 
( ommittee on Energy and Agric ultural Taxation, Committee on Fi- 
nance, U S Senate, lune 21, 1985 
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Figure 10L— Tax Incentives for New Electric Generating Technologies: 
Cumulative Effect on Real Internal Rate of Return 1 




Geothermal Photo Wind Solar Fuel Combustion Atmospheric 

voitaics turbines thermal ceils b turbines b fluidized bed b 



a Reported tor each .echnology with worst case most likely and best case estimates ot cost and performance for the 

reference years defined in ch 4 basic economics assumptions are given in ch 8 
b in cogeneration applications 



velopmentand commercialization since investors 
would be less likely to test innovative designs. 
Another implication of the PTC, compared with 
the RTC, is that it favors technologies in base load 
cycle applications (with higher capacity factors) 
such as geothermal and penalizes those in inter- 
mediate and peaking applications such as wind 
or solar. The trade-offs between PTCs and RTCs 
are illustrated in table 10-2. 

The evidence supporting the relative effective- 
ness of tax incentives for stimulating investment 
in the electric utility industry itself is not as com- 
pelling as the nonutility case. For example, the 
decrease in the levdized per kilowatt-hour bus- 
bar cost for the renewable technologies consid- 
ered in OTA's assessment, with a 1 5 percent tax 
credit over and above the existing tax benefits 
currently afforded io utilities, is less than 10 per- 
cent for all cases. The relative lower effectiveness 
is mostly explained by utility accounting practices 
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SOURCE Office of Technology Assessment US v^jngress 

to be supporting research and development in 
the field as well as commercial development. At 
the same time, there are instances where the RTC 
has prompted installation of inferior technology 
that has little possibility of commercial success. 

These instances have brought about criticism 
of the RTCs, particularly for wind, that has re- 
sulted in proposals for an alternative PTC that 
would award the credit based on energy gener- 
ated rather than the initial investment. These 
critics have argued that support of innovative de- 
signs is not the intent of the credits. Indeed, a 
PTC would discourage investment primarily 
oriented toward exploiting tax benefits. More- 
over, it would ensure that whatever investments 
are made would be done so for ene r gy produc- 
tion purposes. A PTC, however, may be difficult 
to monitor, particularly in non-grid-connected ap- 
plications. In addition, whih PTCs may ensure 
better performance, it may slow technology de- 
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Figure 10-2.— Breakeven Utility Buy-Back Rates* 




a Reported for each technology w.th "best case," "most likely," and "worst case" estimates of cost and performance for the sference years defined in ch 4, 
baste economics assumptions are given in ch 8. chart shows buy-back rates necessary to generate a 15% real rate of return on Investment 
b ln cogeneration applications 

which spread the benefits of the tax credit over 
the life of the facility rather than offering a sub- 
stantial front-end incentive. For electric utilities, 
other actions than tax preferences (discussed 
later) may be more effective in stimulating devel- 
opment of new technology. 

Since the early 1970s, the Federal policy for 
encouraging the development of a renewable 
energy industry centered on an active R&D pro 
gram to develop the technology (particularly ac- 
tive during the decade of the 1970s) coupled wi S 
the tax credits (since the early 1980s) to spur com- 
mercial applications. This analysis shows that with 
declining direct support from Federal RD&D pro- 
grams, the pace of renewable technology devel- 
opment would slow considerably without the 
RTC. Indeed, without the credits, only the most 
mature renewable technologies at the best re- 



source locations would likely be deployed through 
the 1990s. Even with the tax credits, the appli- 
cation of the renewable technologies considered 
here will be highly regionally dependent in the 
1990s (see chapter 7). In regions where the wind, 
solar, and geothermal resources are of high qual- 
ity, though, the renewables could be important 
contributors to both new and replacement gen- 
erating capacity. 

Many industry observers argue that a gradual 
phasing out of the RTC rather than their currently 
scheduled termination at the end of 1985 would 
give the renewable power industry a better 
chance to develop technology to the point where 
it might compete effectively in the 1990s, In par- 
ticular, a 3-year phase-out of the cred:; for wind 
and geothermal could benefit those technologies 
considerably and increase deployment in the 
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Table 10 2.— Alternative Tax Incentives: Cumulative Effect on Real Internal Rate of Return 
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Tax incentive 

"Worst case" cost and performance 

No tax incentives 3 
Current tax incentives 6 
Investment Tax Credit (10%) c 
Production Tax Credit d 

$0 01/kWh 

$0 02/kWh 

$0 03/kWh 

$0 05/kWh 
Renewable Tax Credit e 

10% without 5 year ACRS 

10% with 5 year ACRS 

15% without 5 year ACRS 

15% with 5 year ACRS 
ACRS depreciation f 

5 years 

10 years 

"Most likely" cost and performance: 

No tax incentives 3 
Current tax mcentives b 
Investment Tax Credit (10%) c 
Production Tax Credit d 

$0 01/kWh 

$0 02/kWh 

$0 03/kWh 

$0 05/kvVh 
Renewable Tax Credit e 

10% without 5 year ACRS 

10% rfith 5 year ACRS 

15 /o without 5 year ACRS 

15% with 5 year ACRS 
ACRS depreciation f 

5 years 

10 years 

"Best case" cost end performance: 

No tax incentives 3 
Current tax incentives 13 
Investment Tax Credit (10%) c 
Production Tax Credit d 

$0 01/kWh 

$0 02/kWh 

$0 03/kWh 

$0 05/kWh 
Renewable Tax Credit e 

10% without 5 year ACRS 

10% with 5 year ACRS 

15% without 5 year ACRS 

15% with 5 year ACRS 
ACRS depreciation f 

5 years 

10 ye ars 

^Includes Sum of Years Digits depreciation no h 
"Includes 5 year ACRS depreciation 10% ITC and RTC where applicable 
^Includes 5 year ACRS and 10% ITC 

The Production Tax Credit (PTC) is calculated by applyinQ the cents/ktf/h credit amount to expected yearly electricity production The credit is applied annually until 
the cumulative tax credit equals the 15% RTC The 10% ITC and the 5 year ACRS schedule are also used m computing the PTC 

includes 10% ITC 

f Does nc f include 10% ITC 

SOURCE Office of Technology Assessment 
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1990s. For solar thermal and photovoltaics, how- 
ever, a 5-year or more extension or gradual 
phase-out would more likely be required. 

Option B2: Improve nonutility access to 
transmission capacity 

Some nonutility power producers argue that if 
proposed nonutility generating projects were in- 
cluded more explicitly in utility resource planning 
considerations, such projects might be better 
aligned with proposed transmission expansion 
and reconfiguration plans. Coordination of non- 
utility generation with utility-owned generation 
must be balanced against utility concerns about 
control of generating sources for dispatching and 
maintenance of system reliability. 

Nonutility generating sources might also be 
more prevalent if power from projects located in 
one utility service territory could be sent to 
anot L ,er utility service territory where, for exam- 
ple, avoided cost payments were higher. Such 
"wheeling" of power, however, requires trans- 
mission capacity to be committed to the project 
in the former service territory. At low penetra- 
tion levels of nonutility geneiating sources wheel- 
ing is not ! kely to be a serious problem. Some 
State utility commissions have already made 
wheeling mandatory. At higher levels of penetra- 
tion, however, utilities might be forced to recon- 
figure or upgrade existing transmission capabil- 
ities to accommodate wheeling and the question 
of allocation of costs for upgrades becomes an 
issue 

If the objective is to increase nonutility power 
projects employing new electric generatir -ech- 
nologies, revisions to PURPA to mooify the 
wheeling provisions originally enacted might be 
an effective way to encourage development of 
such projects. Such modifications could give 
these producers access to utility markets beyond 
the service territory in which the project i c sited 
without negotiating complicated individualized 
wheeling agreements with the local utility. Such 
modifications might also extend to obligations on 
the part of the utility in which a project is sited 
to negotiate with prospective nonutility produc- 
ers on the issue of transmission access 



Modifications to PURPA to broaden the wheel- 
ing provisions, however, would have to be care- 
fully constructed since the implications of such 
modifications vary greatly from region to region 
as well as from utility to utility within regions. Util- 
ity concerns about efficiency and control over the 
transmission and distribution system must be 
carefully addressed in any proposed modifi- 
cations. 

Finally, streamlining of Federal licensing and 
permitting procedures where such procedures 
apply to transmission projects— i.e., on Federal 
lands— could reduce the time it takes for PURPA- 
qualifying facilities to gam access to transmission 
capacity. 

Option B3: Develop clearly defined and/or 
preferential avoided energy cost 
calculations under PURPA 

In chapter 8 the avoided energy (and capac- 
ity) cost that utilities pay to nonutility producers 
for generated power was identified as one of the 
key factors affecting the profitability of nonutil- 
ity powe r projects. Investors in nonutility power 
projects seek secure, long-term energy credit and 
capacity payment agreements with utilities to en- 
sure a stable revenue stream for the project. In 
States encouraging nonutility projects, e,g., Cali- 
fornia, standard agreements have evolved that are 
levelized pricing co*. tracts or fixed price sched- 
ules negotiated for the duration of the proposed 
projects. Such standard contracts have greatly in- 
creased nonutility generating activity in these 
States and could provide a model for other States. 

In other States, public utility commissions have 
mandated minimum avoided cost rates— e.g,, 
New York and Iowa have minimum rate of 6 and 
6.5 cents/kWh, respectively, for small power pro- 
ducers which are generally above the prevailing 
avoided cost of the utilities. Attempts to remove 
such rates through the courts have to date been 
unsuccessful, although some appeals are still 
pending. If the courts interpret the primary pur- 
pose of PURPA's avoided cost provisions as en- 
couraging small power production, then adop- 
tion of such mandatory rates could serve to 
accelerate small power production substantially 
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in States where these rate*, exist. If, on the other 
hand, the courts rule that implementation of 
PURPA's avoided cost provisions' must consider 
immediate rate savings for a utility's customers, 
the future of such rates is less clear since public 
utility commissions will be obligated to strike a 
balance between customer savings and incentives 
for small power producers. The outcome is of 
considerable importance to the rate of commer- 
cial deployment of new generating technologies. 
Legislative action to co-opt the courts' decisions 
in this area could serve to reduce uncertainty, 
and in the process, accelerate deployment of new 
generating technologies that would qualify for 
mandatory rates where they exist. 

Option B4: Standardize interconnection 
requirements 

As the penetration of nonutility owned and 
operated dispersed generating sources (DSGs) in- 
creases in U.S. electric power systems, the im- 
plications for system operation, performance, and 
reliability are receiving increased attention by the 
industry For the most part, however, the tech- 
nical aspects of interconnection and integration 
with the grid are fairly well understood and most 
utilities feel that the technical problems can be 



resolved with little difficulty. State-of-the-art 
power conditioners are expected to alleviate util- 
ity concerns about the quality of interconnection 
subsystems. 

Prior to 1983, most interconnection configura- 
tions were custom-fitted and no standardized 
guidelines existed. Since 1983, however, the 
number of applications from DSGs has increased 
and, as a result, more utilities are developing such 
guidelines. These individual utility guidelines vary 
widely, but a number of national "model" guide- 
lines are being developed by standard-setting 
committees (discussed in chapter 6), although 
none has yet released final versions. Indeed, these 
groups are expected to continue to revise draft 
standards. Even if a consensus standard does 
emerge, however, widespread utility endorse- 
ment is still uncertain. As a result, DSG custom- 
ers are likely to face different and sometimes con- 
flicting interconnection equipment standards well 
into the 1 990s. This lack of standardization may 
hamper both the use of DSGs as well as the man- 
ufacture of standardized interconnection equip- 
ment. Development of a set of national standards 
for interconnection that could be flexibly inter- 
preted for individual utility circumstances could 
accelerate deployment of nonutility power proj- 
ects in many regions. 



GOAL C: ENCOURAGE INCREASED UTILITY INVOLVEMENT 
IN DEVELOPING TECHNOLOGIES 



Electric utilities on average currently spend less 
than 1 percent of gross revenues on R&D, con- 
siderably less than most other capital-intensive 
industries. Traditionally, the response to this con- 
cern is that equipment manufacturers and ven- 
dors are carrying the principal burden of R&D for 
the power industry. But, with the decline in new 
equipment orders in recent years, manufacturers 
are less likely to commit R&D to new products 
for which strong markets are not assured. As a 
result, if R&D activity in new generating technol- 
ogies is to continue, at least a portion of the bur- 
den may fall on the utilities themselves. With 
environmental and other pressures on utilities to 
consider new technologies, how public utility 



commissions treat cost of RD&D and of early 
commercial apolications is a pivotal issue. The 
following are alternative stiategies aimed at im- 
proving this regulatory environment. 

Option CI: Increase utility and public utility 
commission support of RD&D activities 

Increased RD&D activity in new generating 
technologies will require utilities and utility com- 
missions to agree on appropriate mechanisms for 
supporting such activities. Direct support from 
the rate base for research activities, such as the 
allowance for contributions to the Electric Power 
Research Institute while desirable and important, 
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is not now at a level that would cause significant 
deployment of these technologies by the 1990s. 
Allowance of or even encouragement of a higher 
percentage of annual revenues to support RD&D 
activities could be an important step in accel- 
erating commercial applications of new tech- 
nologies. 

Even larger RD&D commitments, however, that 
involve large capital investments for major dem- 
onstration facilities may only be justified by a 
sharing of the risk between ratepayers, stockhold- 
ers and, if other utilities would benefit substan- 
tially, taxpayers. One mechanism for supporting 
such projects is to finance a portion of proposed 
project with an equity contribution from the util- 
ity and the rest through a "ratepayer loan" 
granted by the public utility commission. The 
public utility commission might argue that a can- 
didate demonstration project is too risky for the 
ratepayer to be subsidizing, particularly if other 
utilities could benefit substantially from the out- 
come, but are not contributing to the demonstra- 
tion, i e., sharing in the risk. In such cases, there 
could be a Federal role. For example, the rate- 
payer contribution to the demonstratioi could 
be underwritten by a Federal loan guarantee, thus 
transferring at least a portion of the investment 
risk from the ratepayer to the taxpayer. 

Finally, since high interest rates and high capi- 
tal costs have discouraged utilities from making 
investments in new generating capacity, a wide 
variety of regulatory changes have been sug- 
gested that would make it easier to resume con- 
struction programs. These include: 

1 rate base treatment of utility assets that take 
inflation into account— sometimes called 
"trending" the rate base; 10 

2. allowance of some or all construction work 
in progress (CWIP) to be included in the rate 
base; and 

3. adoption of reai rates of return on equity 
commensi'iate with the actual investment 
risk. 

'"Trended rate base proposals are discussed in U S Confess, 
Offi( e oi Tec hno'ogy As<,es«,rrvnt Nu( /e.K Power in an A#rot Un- 
certainly (Washington, DC U S Government Printing Office, Feb- 
ruary 1984) OTA-E 2\h 



These options are all aimed at evening out rate 
increases (prevention of so called "rate shock") 
and providing more financial stability for utilities. 
They would, however, reduce the attractiveness 
of smaller, modular generating technologies rela- 
tive to larger units since the options transfer some 
of the investment risk from the stockholder to the 
ratepayer. While all capital projects— large or 
small— would benefit by this risk transfer in terms 
of lower capital costs, the larger the project the 
greater the net savings to the utility. Whether this 
is sufficient to outweigh the benefits of smaller 
units in a period of uncertain demand growth 
would defend on the particular utility and its 
longer term outlook. 

Option C2: Promote involvement of utility 
subsidiaries in new technology 
development 

Some electric utilities are using (and many are 
considering) the use of regulated or unregulated 
affiliated interests (corporate subsidiaries or other 
holding company structures) to initiate new tech- 
nology projects where they have identified a 
project as an attractive investment opportunity 
but riskier than more traditional utility invest- 
ments, i.e., the utility's allowed rate of return is 
not commensurate with the project's perceived 
financial risk. In practice, this usually amounts 
to a situation where the public utility commis- 
sion agrees to perrrvt a project to proceed but 
does not give assurances that the entire final 
project cost will be permitted to enter the rate 
base. 

Using an unregulated affiliated interest to carry 
out new technology projects allows utilities to fi- 
nance such projects with sources from the capi- 
tal markets since higher rates of return can be 
offered to attract capital. It is also one example 
of how utilities are diversifying into other lines 
of business. As discussed in chapter 3, electric 
utility diversification activities are already wide- 
spread and growing. Most of these activities (74 
percent according to a recent Edison Electric In- 
stitute survey) involve fuel exploration and de- 
velopment, real estate, energy conservation serv- 
ices, fuel transportation, district heating and 
regeneration, and appliance sales. A small per- 
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centage (6 percent) do, however, involve alter- 
native technology projects. Generally diversifica- 
tion has led to: 

1. A higher return for investors, increase in 
price-earnings ratio and, as a result, an im- 
proved standing in the financial community 
and a lowering in the cost of capital. Diver- 
sified utilities have consistently outperformed 
nondiversified utilities in the stock market. 

2. More efficient use of company assets includ- 
ing labor, customer base, computational fa- 
cilities, and services. 

3. Diversification, protection, and stable pric- 
ing of fuel supplies through diversification 
into fuel acquisition activities and alternative 
technology projects. 

4. An ability to take advantage of favorable tax 
benefits not afforded to regulated public 
utilities. 

The problems of potential cross-subsidization 
of unregulated projects from regulated interests 
has to be monitored closely by public utility com- 
missions as they allow utilities to become in- 
volved in diversification activities. 

Option C3: Resolve siting and permitting 
questions for developing technologies 

To date, the rate of deployment of some new 
generating technologies in both utility and non- 
utility applications is being lowered because lead- 
times being experienced by early commercial 
projects have been longer than anticipated, par- 
*i'illy due to the time required for regulatory re- 
view. As regulatory agencies become more famil- 
iar with the technologies and their environmental 
impacts become clearer, the time to complete 
such reviews could decrease, although as noted 
earlier this is by no means guaranteed. Action to 
educate regulators and all others who would ul- 
timately be affected by eventual deployment of 
the technology in the course of demonstrations 
might reduce the lead-times of early commercial 
units. For example, close coordination with State 
and Federal regulatory agencies as well as pub- 
lic utility commissions during demonstration proj- 
ects should be a major feature of th^se projects. 
Finally, as noted for nonutility projects discussed 
earlier, streamlining of Federal licensing and per- 



mitting procedures where such procedures ap- 
ply to transmission projects could reduce lead- 
times considerably. 

Option C4: Other legislative initiatives: 
PIFUA, PURPA, and deregulation 

In addition to maintaining a continued pres- 
ence in research, development, and demonstra- 
tion as well as implementing environmental 
policy affecting power generation, e.g., admin- 
istration of the Clean Air Act, several possible Fed- 
eral policy decisions affecting electric utilities 
could influence the rate of commercial develop- 
ment of new generating technologies over the 
next 10 to 15 years. These include removal of the 
Powerplant and Industrial Fuel Use Act (PIFUA) 
restrictions on the use of natural gas, extension 
of complete PURPA Section 210 benefits to elec- 
tric utilities, and increased steps toward deregu- 
lation of power generation and bulk power trans- 
fers. All of these actions could increase the rate 
of deployment of developing generating technol- 
ogies, but their other effects have to be carefully 
reviewed before and during implementation. 

If increased availability of natural gas should 
occur, a repeal of PIFUA or, at a minimum, a 
more liberal policy on granting exemptions in 
power generation applications could, in addition 
to providing more short-term fuel flexibility for 
many utilities, be a step toward accelerated de- 
ployment of "clean coal" technologies such as 
the ICCC since they can use natural gas as an 
interim fuel. In addition, some technologies such 
as CAES and some solar thermal electric units use 
natural gas as a supplementary fuel and may or 
may not fall within the applicable size limits estab- 
lished by PIFUA automatically exempting such 
installations from the Act. 11 Where exemptions 
are required, their acquisition introduces delays 
or even the possibility that approval might be 
denied. 

Permitting utilities to participate more fully in 
the PURPA Section 210 benefits of receiving 
avoided cost in small power production would 
most likely result in increased deployment of 



1 'Changes in PIFUA would also affect nonutility producers, as 
discussed in ch 9 
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small modular power generating technologies, 
particularly cogeneration. 12 For example, utilities 
are currently limited to less than 50 percent par- 
ticipation in PURPA qualifying cogeneration fa- 
cilities. In addition, ratepayers would likely see 
more of the cost savings resulting from cogener- 
ation it utilities were allowed full PURPA bene- 
fits. Currently, ratepayers see only the difference, 
if any, between the avoided cost and the rate ne- 
gotiated between the cogenerator and the util- 
ity. The owner of the qualifying facility retains the 
rest of the excess over the cost of generating the 
power. Similar benefits would accrue to the rate- 
payer by utility participation in PURPA for other 
types of generating technologies to the extent that 
costs of power production fall below avoided 
costs. 

In relaxing this limitation, potential problems 
requiring attention include ensuring that utilities 
do not show undue preference for utility-initiated 
projects in such areas as access to transmission 
or capacity payments. Moreover, project ac- 
counting would probably need to be more seg- 
regated from utili y operations than non-PURPA 
qualifying projects in order to ensure that cross- 
subsidization does not occur that would make 
utility-initiated projects appear more profitable 
at the expense of the ratepayer. These concerns 
can be allayed through carefully drafted legisla- 
tion or regulations, or through careful State re- 
view of utility ownership schemes. 

It should be noted, though, that granting of full 
PURPA benefits to utilities would be viewed with 
disfavor by most nonutility owners. In particu- 
lar, allowance of such benefits likely would cause 
avoided costs to be determined by the cogener- 
ation unit or alternative generation technology 
itself rather than the fuel and/or capital costs of 

,2 For a more complete disc ussion, see U S Congress, Otnce of 
Technology Assessment, Industrial and Commercial Cogeneration 
(Washington, DC U S Government Printing Office, February 1983), 
OTA-F-192 pp 20ft 



a conventional plant that would be avoided by 
a utility as is currently the case. Unless prospec- 
tive nonutility owners could produce power still 
cheaper than these newly defined avoided costs, 
they obviously would not enter into an" projects. 
This would clearly reduce the number of cogen- 
eration and alternative technology power projects 
started by nonutility investors. This drop-off, how- 
ever, might be more than compensated by ex- 
panded utility involvement. It is also possible that 
potential cogeneration and alternative technol- 
ogy sites may go unfulfilled if utilities were al- 
lowed full PURPA benefits, since many of these 
site owners— industrial firms and large build- 
ings— may not want utility control over facilities 
on their site. Here, too, careful establishment of 
regulations or contracts could protect all parties 
of interest. 

Finally, as perhaps a logical next step to PURPA, 
a number of proposals for deregulation of the 
electric power business have been proposed in 
recent years, ranging from deregulation of bulk 
power transfers among utilities, to deregulation 
of generation, to complete deregulation of the 
industry. While OTA has not examined ihe im- 
plications of alternative deregulation proposals 
on the rate of commercial development of new 
generating technologies, such proposals would 
almost certainly have an impact. The experiences 
of PURPA and the FERC Bulk Power Market Ex- 
periment 13 will be important barometers for as- 
sessing t L e future prospects and desirability of 
deregulating U.S. electric power generation. It 
is important to note that allowance of full PURPA 
benefits for utilities would be a significant step 
toward deregulation of electric power generation, 
at least for smaller generation units. 



n This experiment deregulates wholesale bulk power transactions 
among four utilities in the Southwest, see "Opinion and Older Find- 
ing Experimental Rate To Be just ^nd Reasonable and Accepting 
Rate for Filing, " Fed?ral tnergy Regulatory Commission, Opinion 
No 203, December 1983 
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GOAL D: RESOLVE CONCERNS REGARDING IMPACT 
OF DECENTRALIZED GENERATING SOURCES ON 
POWER SYSTEM OPERATION 



In recent years, utilities that interconnect with 
nonutihty power producers operating DSGs are 
concerned about the potential impact of in- 
creased penetration of DSGs cn overall power 
quality available in the utility grid as well as 
proper metering, effect on system dispatching 
and control, short-term transmission and distribu- 
tion operations, and long-term capacity planning. 

As utilities gain experience with DSGs on their 
own systems, these concerns are being resolved. 
However, many utilities are only beginning to 
gain this experience; the following options are 
aimed at addressing such concerns. 

Option D1: Increase research on impacts at 
varying levels of penetration 

While most of the problems associated with in- 
corporating DSGs into the utility grid appear to 
have technical solutions, the cost and complex- 
ity of these solutions may vary considerably 
across utility systems. In particular, one concern 
is the potential impact on power quality of high 
levels of penetration of DSGs on individual dis- 
tribution feeders. Other issues include protective 
equipment performance, appropriate safety pro- 
cedures, system control at the distribution level, 
and impact on system generation dispatching pro- 
cedures. Most research to date indicates that at 
low levels of DSG penetration— up to 5 percent 
of total installed capacity— there are no ill effects 
on system operations as measured by indicators 
such as the area control error (see chapter 6). Be- 
yond a 5 percent penetration, however, there is 
less agreement among researchers. Research on 
the conditions under which DSGs would signifi- 
cantly affect system operation over a wide range 
of utility circumstances would improve utility 
engineers' ability to assemble appropriate and 
cost-effective interconnection configurations and 
control procedures for mitigating potential im- 



pacts. Such research could help resolve concerns 
and serve as a basis for implementing appropri- 
ate technology and procedures to accommodate 
increased penetration of DSGs. 

Option D2: Improve procedures for 
incorporating nonutilit/ generation and 
load management in economic dispatch 
strategies and system planning 

Many of the problems associated with incor- 
porating DSGs into the utility grid stem from 
modifications to the grid necessary to accommo- 
date electric generation at the distribution level. 
Management of "two-way'' power flows at the 
distribution level has added a new level of com- 
plexity. Some utilities have developed strategies 
for incorporating DSGs into economic dispatch 
strategies but control mechanisms for coordinat- 
ing a large number of DSGs are generally not 
available. As the number of DSGs on a utility sys- 
tem increases, the complexity of this coordina- 
tion becomes more difficult and the need to au- 
tomate such procedures becomes more important. 

Similarly, some recent research sponsored by 
the Electric Power Research Institute 14 indicates 
that conventional utility planning models may 
overstate the reliability benefits of load control. 
Developing load management systems 15 attempt 
to better integrate load management into hourly 
scheduling of resources in energy control centers. 
As a result, these new systems also provide bet- 
ter control overload management resources and, 
hence, more reliability benefits. 



'"Electric Power Research Institute (EPRI), Effect of Load Manage- 
ment on Reliability (Palo Alto, CA EPRI, July 1984), EPRI EA-3575 

,s Such as B F Hastings, "The Detroit Edison Second Generation 
Load Management System," Proceedings of the Institute of Elec- 
trical and Electronics Engineers (IEEE) Summer Power Meeting, Paper 
No 84-SM-559-1, July 15-20, 1984 
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Table A-1.— Cost and Performance of Central Station Photovoltaics 



May 1985 technology status 



Flat-plate 



Concentrator 



Level of technology development 
Installed capacity 

Reference system: general characteristics 

Reference year 

1995 deployment level scenario 
Plant size 3 
Lead-time 
Land required 

Fixed 

Tracking 
Water required 

Reference system: performance parameters 

Operating availability 
Capacity factor 1 1 
Fixed 

Boston 

Miami 

Albuquerque 
Tracking 
Boston 
Miami 

Albuquerque 
Duty cycle 
Lifetime 12 
Efficiency 
Module 

Boston 

Miami 

Albuquerque 

BOS 
Plant 18 

Re'erence system: costs 

Capital costs" 
Modules 

BOS (area dependent) 

Fixed 

Tracking 
BOS (power dependent) 

Total 30 

Boston 

Miami 
O&rVi costs 31 
Fixed 
Tracking 



Commercial 
9 5 MWe 



Commercial 
9.5 MWe 



general characteristics 
1995 
20-4,730 MWe 2 
10 MWe 4 
2 years 5 



40-90 acres 1 
70-370 acres 7 



20-25% 
20-25% 
25-30% 



60-320 acres* 



very little* 
performance parameters 
90-100% 10 



30-35% 
30-35% 
35-40% 



10-17% 14 
10-16% 14 
10-16% 14 
80-85% 18 
8-14% 



$100-500/sq m 20 

$50/sq m 22 23 
$100/sq m 24 25 
$100-200/kWe" 



$2,000-1 1,000/kWe 
J1,000-9,000/kWe 

5-26 mills/kWh 32 
4-28 mills/kWh 33 



20-25% 

20-25% 

30-35% 

intermittent 
10-30 years 13 



15-24%' 5 
15-23% 15 
15-23%' 5 
80-85% ir 
12-20% 



$100-400/sq m 21 
n/a 

$l00/sq m" » 
$100-200/kWe 2f 



$2,000-8,000/kWe 
$1,000-5,000/kWe 



4-23 mills/kWh 34 



While modules ot both types a r e at present commercially available these differ substantially 
in cost and peMOrmance from those which will be on the market in 1995 

'The 'ower end of the r ange is the total capacity ot grid connected photovoltaic capacity which 
will be installed by the end ot '985 The upper end ot the range coincides with the high estimate 
made by Pie^r Bos Polydyne - a submission at the OTA Workshop on Solar photovoltaic 
Power (Washington DC June 12 1984) and discussed in Paul D Maycock and Vic S Sherlekar 
Photovoltaic Technology Performance Cost and Market Forecast to 1995 A Strategic Technology 
& Market Analysis (Alexandria VA Photovoltaic Energy Systems Inc 1984) pp 130 i?6 

J The plant rating system used here follows *hat used by £PRl in Roger W Taylor Photovoltaic 
Systems Assessment An integrated Perspective (Palo Alto CA Electric Power Research msti 
lute September i983i EPRl AP 31 76 SR Th« plant is rated by its peak cutput under nominal 
peav ope'dtmg conditions a particular site See tootnole 30 b*'sw 

•The Electric Power Research institute see Bechtel Group °hotovOltaic Balarce ot System As 
sessmenti Palo AHo CA EPRl 1 9821 EPRl >P 2474 This report indicates lhat 5 MW subhelds 
m central plants a'e optimum A utility may consider a bO to 100 MW plant see Dan Utroska 

SMUO Forges a New Path in Photovoitaics Generation Electric tight and Power vol 62 No 
8 August 1984 p ? 1 As PV technologies other than single crystal silicon begin to be used 
it is iikeiy that initial plants would be in the 1 to b MW size range Non utility sponsors may under 
tave tew capacity additions in the b to 10 MW range 

The plant auxiliary ioad other than tracking |i e lighting HVAC i&C computer) is expected 
to consume less than 0 1 percent ot the annual energy generated The energy lor array tracking 
is also insignificant because the dnves use httte power and operate only intermittently see Bechtel 
G'Qufj op fit 198<> Fo' example each drive m Sacramento Municipal Utility District PV 



1 plant is rated at 1/20 HP from M Wool Acurex Solar Corp personal correspondence with 
0 Chukumerije Gibbs 4 Hill inc May 1984 Consequently the difference between gross and 
net plant capacity is neglected 

'includes 12 to 18 months tor licensing and permits Instalfction at the site could be achieved 
at a rate ot b to 10 MW per month This is based on information provided in the loll. g sources 
1) Bechtel Group op cit 1982 2) Dan Utroska op cit 1984 

'OTA calculation The low estimate is lor Albuquerque using a plant efficiency ot 14 percent 
insolation ot 0 998 kWe/square meter and a ratio ot array surface/tolal land surface of V? The 
high estimate is for Boston using a plant efficiency of 8 percent insolation of 0 676 kWe/square 
meter and a ratio of array surface/total land surface ot V? 

'0 T A calculation The high estimate is for Boston assuming 5 arrays/acre 100 square meters 
(.let) per array 0 676 kWe/square mete' insolation, 8 percent plant efficiency The low estimate 
is for Albuquerque assuming arrays/acre 10C square meters (net) per array 0 998 kWe/square 
meter msolanon u percent plant efficiency 

'OTA calculation The high estimate is for Boston assuming 5 arr?ys/acre 100 square meters 
(net i per array 0 521 kWe/square meter insolation 12 percenl plant efficiency The low estimate 
is for Albuquerque assuming '0 arrays/acre 100 square meters of array area (net) 0 88 1 
kWe/square meter insolation 20 percent plant efficiency 

'Small amounts ot water may be needed to periodically clean the module surfaces 

"OTA estimate Refers to availably of the entire 10 MWe field For information on ope ating 
availabilities see 1) Boeing Computer Services Co Photovoltaic Field Test Performance Assess 
ment Technology Status Report Sumbor 3 (Palo Alto CA Electric Power Research Institute Novem 
ben984) EPRl AP 3792 2) Alexanders Maish and Clement J Chiang Photovoltaic Concentrator 
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Array Reliability 4 Compilation o' Sandia Contnbuisu Paper* to he 17th IEEE Photovoltaic 
Specialists Confer* ce Orlando Fi May 1 4 1984 Edward L Burgess (ed ) (Albuquerque NM 
SanC.a National Laboratories 1984) SAND8- 67c pp 94 10C 

"Capacity factor is defined as the ratio of actual anergy produced by '.he plant in a year to the 
energy the plant could have generated if it operc'ed continuously at its rated power The capacity 
factor is a function of location The tnree figures represenl Boston Miami and Albuquerque The 
hign values for the fixed flat-plate arrays are taken from Taylor op cit 1 983 pp 4 6 the hirh 
values tor tracking arrays were found by enhancing the fixed array data by 40 percent as sug 
gested by R E L Tolbert and J C Amen ARCO Solar Design installation and Performance of 
ARCO Solar Photovoltaic Power Plants Proceedings o! 17th IEEE Photovoltaics Specialists Con- 
ference Kissimmee Fl May 1984 p 1149 and the high concentrator values were compiled 
tron tables from the following 1)JW DccneandJB G'esham Science Apclications Inc Pho 
tovoltaic Requirements Estimation- A Simplified Method |Prlo Alto CA Electric Power Researc.t 
institute February 1983) EPRI «P 2475 2) Gary J Jones Supervisor °V Systems Development 
Division Sandia National Laboratories A Comparison of concentrating Collectors to Packing 
Flat Panels A Compilation of Sandia Contributed Papers to '9 17th IEEE Photovoltaic Specialists 
Conference Orlando Fi Ma> r-4 1964 Edward L Bur^3ss(ed ) (Albuquerque NM and Liver 
more CA Sandia National Laboratories .'une 1984) SANL44-1167C pp 8-13 

In ail cases the low capacity factors arbitrarily are set 5 percentage points below the high value 
'o reflect the effects of low operating availability dirt and other factors other than tong term ceil 
dfeyridation on capacity factors 

''Lifetime is defined as the period in which the energy output of a plant drops by 20 pereni 
Ronald G Ross Jr Manager Reliability and Engineering Sciences Flal-plate Solar Array Project 
Jet Propulsion Loborato , -terview with OTA staff Aug 22 1984 

,] The low value is an extrapolation of ihe performance of equipment which has already been 
in the field for several years Ronald G Ross Jr op cit 1984 The high value represents DOE 
goals US Department of Energy (DOE) hive Year Research Plan 1984-1988 (Washington DC 
DOE May 1983) 

''These figures are based on adjusted estimates that modules would have efficiencies of 1 1 
to 18 percent The 1 1 percent value is from a currently commernal module Dan Arvizu and Michael 
Edenburn Sandia National Laboratories An Overwew ot Concentrator Technology paper present- 
ed at the Annual Meeting of the American Society nf Mechanical Engineers New Orleans LA, 
December 1984 The 18 percent value represents a module efficiency tased on the best laboratory 
silicon cell Taylor op cit 1983 The module efficiencies shown in the table result from adjust- 
ing the 1 1 to 18 percent range to reflecl nominal peak operating conditions at each site Ihe metho- 
dology used is described in app 8 of an Electric Power Research Institute report, Taylor op 
cit 1983 

''These hguresare based on adjusted estimates that modules would nave efficiencies of 16 
to 25 percent The 16 percent value is from a currently commercial module Arvizu and Edenburn 
op cit 1984 The 25 percent figure is Sandia s estimate for the best commercial GaAs moduie 
in the 1990s The module efficiencies shown in the table result from adjusting the 16 to ?5 per- 
cent range to reflect nominal peak operating conditions at each site The methodology used is 
described m app B of El?ctnc Power Research Institute. Taylor, op cit , 1983 

"The "ow end is a Bechtel prediction Bechtel Group Photovoltaic Balance-of- System Assess 
ment op cit 1982 and the high end is a Sandia estimate from Gary J Jones Supervisor PV 
Systems Development Division Sandia National Laboratories Albuquerque NM interview with 
OTA Ctaff August 8 1984 

"The low end is a Bechte! prediction 3echtel Group Photovoltaic Balance-of- System Assess 
ment op cit 1982 and the high end is a Sandia estimate Gary J Jones op c 1 1984 
'•Pl-nt efficiency is the product of the module and the BOS ef.iciencies 
"These cost figures do not include overhead contingency or owner s costs 
"The low figure represents industry Charles F ^ay Vice President Research & Develop < *nt 
ARCO Sclar Inc interview wilh OTA staff August i0 1984 Electric Power Research Institute 



Roger Taylor Photovon^K Systems Assessment An Integrated Perspective op cit 1 983 and 
the Department of Enercy U S DOE Five Year Research Plan 1984 1988 op cit 1983 goals 
T ie high figure represents OTA estimates of costs of current commenai lines if they were run 
at larger volumes of production and used less labor 

"The low end represents Deoartrent of Energy, U S DOE Five Year Research Plan 1984 1988 
op cit , 1983 andSandia Dan Arvizu and Mchael Edenburn, An Overview of Concentrator Jech 
r -gy op cit 1984 goals The high f.gure is the cost of the best currently commercia. nodule 
were produced at lO-20MW/yr This is based on information from 1) Juris Serzins Intersof 
uwer Corp interview with OTA staff, August 10, 1984 and 2) Dan Arvizu and Michael Eden- 
burn An Overview of Concentrator Technology, op cit . 1984 
"Becntel Group Photovoltaic Balance-ot- System Asses' ment op cit , 1982 
11 Pho'ovottaic Sylems "LP >oumal, vol 9, No 6 July/August 1984 pp 43-45 
"Bechtel Group Photovoltaic oalance-ot- System Assessment op cit 1982 
" Photovoltaic Sylems," EPRIJoumat op cit , 1984 
"Bechtel Group Photovoltaic Balance-ot-System Assessment op at 1982 
" Photovoltaic Sylems. EPRI Journal, op crt 1984 
"Bechtel Group Photovoltaic Balance-of System Assessment op crt 1982 
"Ibid 

"The total capital cost is given by 

CDM - mMu» CM1 + WSltrw) «.►< ram* tf»ic*»cy x BOS rftiewwv x ,n*oW«n> ♦ toVpowr) eotlt 

Nominal peak insolation and efficiency \<jry in different locations so that the capital c sts of 
a given system will vary depending on where it is sited The values given represent capital costs 
at ideal sites In general, these costs will be higher From Roger W Tayicr Photovoltaic Systems 
Assessment An integrated Perspective, op cit 1984 the nominal peak insolation in several 
cities is 

WW ' *tt X) mi (ti+e pun; sfftct m fconc**rmr\ 

AKKMuvqut 0 996 0 

M.am 0 12' 0194 

9MIOH 0 878 0 421 

Note The total cost hgi 'es are rounded to the nearest integral multiple of a thousand 
11 The C&M cost range used here is $2 00 to $2 50 /square meter per year This is based on 
estimates niade in the following 1) Jet Propulsion Laboratory, "Summary of Session VI on Array 
Maintenance Issue," Proceedings of the Flat Plate Solar Array Project Research Forum on the 
Design of Flat-Plate PtntovohJK Arrays for Central Stations (Pasadena CA Jet Propulsion Laboratory, 
1984) Dec 5-8. 1983. Sacram no, CA. DOE/JPL-1012-98. pp 301-304. 2) P K Henry. •'Eco- 
nomic Implications of Operation and Maintenance. ' ' Proceedings ot the Flat-Plate Solar Array Project 
Research Fw urn on the Design ot Flat-Plate Photovottatc Arrays for Central Stations, op cit . pp 
315-316 

"OTA calculation The high estimate is based on a system efficiency of 0 06. insolation ot 0 676 
kWe /square meter, capacity factor of 0 2. and an' jal O&M costs of $2 50/ square meter The 
low estimate is based on a system efficiency of 0 ".4, insolation of 0 998 k We/ square meter, ca- 
pacity factor of 0 3, and annual O&M costs of 52 00/ square meter 

"OTA calculation The high estimate is based on a system efficiency of 0 08, insolation of 0 676 
kWe/square meter, capacity factor of 0 3. and annual O&M costs of S2 50/square meter The 
low estimate is based on a system efficiency of 0 14, insolation of 0 998 k We/ square meter, ca- 
pacity factor ot 0 4, and annual O&M costs of $2 OO/square meter 

"OTA calculation The nigh estimate is based on a system efficiency of 0 12, insolation of 0 521 
kWe /square meter capacity factor of 0 2, and annual O&M costs of $2 50/square meter The 
low estimate ts based on a system efficiency of 0 20, insolation of 0 881 kWe/square meter, ca- 
pacity factor of 0 35, and annual O&M costs of $2 ^/square meter 
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Table A-2a.— Cost and Performance of Solar Thermal- 
Electric Plants Parabolic Dishes (Mounted-Engine) 

May 1985 technology status 

Level of technology development demonstration units 

in operation 
Installed capacity 0 075 MWe 1 
Reference system: general characteristics 
Reference year: 1995 
Deployment level scenano 1 

High . . . .200 MWe 

Medium .100 MWe 

Low 0.4 MWe 

Plant size* 10 8 MWe (gross) (400 units @ 27 1 kWe (gross)) 3 

10.2 MWe (net) (400 units @ 25 6 (kWe net)) 
Lead-time 2 years 4 
Land required: 67 acres 9 
Water required: negligible* 
Reference system: performance parameters 
Operating availability: 95 percent 7 
Duty cycle: intermittent 
Capacity factor: 20-35 percent* 
Plant lifetime 30 years' 
Plant efficiency. 20-25 percent 10 
Reference system: costs 
Capital costs SL,000*3,000/kWe (net) 11 
O&M costs: 15-53 (1)1115^^' 

This includes three 25 kWe parabolic dish units 

'Deployment scenarios depend heavily on whether or not the currently provided Renewable Energy 
Tax Credit is extended beyond the end of 1985 and whether the federal government subsidizes 
installations in any other way The low scenario assumes that the only additions to currenlly in 
stalled capacity will be 1) two 25 kWe parabolic dish installations now being constructed under 
the McDonnell Douglas Astronautics Co s Oish/Stirling Program 2) four additional parabolic dish 
installations expected under the McDonnell Douglas Astronautics Co s Oish/Stirling Program 3) 
100 kWe at the fecerally sponsored Osage City. KS Small Community Experiment #1 and4) 100 
kWe at the federally sponsored Molokat HI demonstration project Under favorable conditions 
(e g with an extens.on of the RTC) however hundreds of MWe may be installed by 1995 see 
Nina Markov Exciting Developments Reflect Bright Future ' Renewable Energy News vol 7 
No 2 May 1984 pp 8 12 An upper limit of ?00 MWe will be u«,ed here the medium deployment 
scenario will is half that figure or 100 MWe 

'Based on Advanco Corp s Vanguard I module at direct insolation levels of 1 000 watts/ square 
meter ambient air temperatures of 28 C wind speed of 2 ? m/s f5mph) see Byron J Washon 
el al Vanguard I Solar Parabolic Dish Stirling Engine Module (Palm Springs CA Advanco Corp 
1984) final report summary of work performed under Department of Energy cooperative agree 
menl OE FC04 82AL 16333 May 28 198? Sepl 30 1984 DOE-AL 16333-2 (84 ADV 5) p 14? 

'And design and 1 year of construction 

'Ibid Based on six modules per acre 

'ibid 

'Figure for individual module availability Based on information provided by 1) OTA contractor 
N Hinsey Gibbs & Hill Inc interviews with James E Rogan Manager Market Development 
McDonnell Douglas Astronautics Corp July 16 and Aug 13 1984 2} Byron J Washom Presi 
dent Advanco Corp personal correspondence with OTA staff Nov 9 1984 3) Advanco Corp 
Proposal io the U S DOE Relatmj to the Small Community Solar Experiment at Molokat Hawaii 
(Palm Springs CA Advanco 1984) 

'The range provided here is identical to that used for the photovoltaic concentrator modules 
See Footnote 11 of the p h otovoitaics cost and performance table (table A-t) lor an explanation 
of the capacily factor used there Within this range tall estimates from the following source* 1) 
James H Nourse Branch Manager McDonnell Douglas Corp personal correspondence with OTA 
staff Nov 1 1984 ?) Byron J Washom President Advanco Corp personal cotrespondence 
with OTA staff Nov 9 1984 Washom indicated that a lacility located at Barstow CA would 
have an annual capacity lactor of ?5 7 percent 3} Byron J Washom et al Vanguard I Solar 
Parabolic Dish Stirling Engine Module op cit 1984 4) Tony K Fung Senior Research Engineer 
Southern California Edtson corrments on OTA draft report April 1985 

•OTA contractor N Hinsey Gtbbs&Hill Inc interviews with James E Rogan op crt 1984 

"Washom op crt Nov 9 1984 Annual average efficiency at Barstow Cm would be about 
?3 percent 

"Based on information provided by 1) OTA contractor N Hinsey Gibbs & Hill Inc interviews 
with Don H Ross Oirector Energy Systems Center Sanders Associates Inc July 11 and 16 
1984 2) OTA contractor N Hinsey Gibbs & Hill Inc interviews *'ih James E Rogan op cit 
1984 3) James H Nourse Branch Manager McDonnell Douglas Corp personal correspondence 
with OTA staff Nov 1 1984 4) Byron J Washom President, Advanco Corp personal cor res pon 
dence with OTA staff Nov 9 1984 

Advanco reportedly estimates thai mass produced Slirling/dtsh units would cost approximately 
$? 300/kWe see SCE s A/R Program Rediscovers a Solar Thermal Power Technology- The 
Parabolic Dish SCE RAD Newsletter vol 13 No t 1st Quarter 1984 pp 1? 

''OTA figure based on information obtained from McDonnell Douglas and Advanco Corp see 
Byron J Washom etal Vanguard I Solar Parabolic Dish Stirling Engine Module op cit 1984 
and Advanco Corp Proposal to the U S DOE Relating to the Small Community Solar Experiment 
at Molokat Hawaii op cil 1984 The O&M cosi for a commercial module would be $1 600/year 



and dver^ge annual module net output would be 56 234 kWh Thts amounts to 28 mills kWh 
a figure within the lower end of the OTA range 

,3 The capital cost tor this plant varies nost importantly with the cost of the heliostats which 
here are assumed to 4? percent of total plant costs This coincides roughly with eslimates made 
by the California Energy Commission the Electnc Power Research Institute, and Teknekron Research, 
Inc California Energy Commission Appendices Technical Assessment Manual op cit 1984 

Hehostat costs are especially sensitive to the number of heliostats produced Using extremely 
optimistic assumptions about hehostat oroduction levels a Sandia study suggested that hehostat 
costs would vary between $100 and $150 per square meter of hehostat (1980$) if 520 000 heliostats 
were produced over an 11 year perird see H F Norns Jr andSS White Manufacturing and 
Cobt Analyses of Heliostats Based on the Second-Generation Hehostat Development Study (Liver- 
more CA Sandia National Laboratories n d ) CE83006664 If a single 100 MWe plant requires 
about 15 400 heliostats that is enough heliostats tor nearly 34 installations of 100 Mwe each 
The report suggests that if production were scaled down to half that number (about 17 installa- 
tions over an 1 1 year period) the costs per square meter of hehostat could increase 4 to 14 per 
cent If the larger increase ( t4 percent) in hehosfc! cost is applied to the original costs per square 
meter one obtains a range of $114 to $171 per square meter of heliostats (1980$) If a 100 MWe 
installation requires 663 000 square meters of heliostats this amounts to $756 to $1 134 per 
kWe (1980$) this averages out to $945 per kWe (1980$) if enough heliostats for 17 100-MWe 
plants are sold 

For this to occur the construction of a hehostat plant would have to be initiated no later than 
1992 as an initial production facility would take 3 years to build a fully automated factory would 
have to be initiated even earlier than that The manufacturer would have to have assurance that 
high rates of production could continue beyond the end of the century, from McDonnell Douglas, 

Response by McDonnell Douglas General Workshop Oiscussion Questions ' submitted to OTA 
in response to written questions submitted in connection with OTA workshop on Solar Thermal 
Electric Technologies 1964 It is highly unlikely that this quantity of orders would be expected 
to support production over the decade beginning in 1995 

Helrostai costs probably therefore might be considerably high«r for the few commercial units 
which are completed in the latter half of the 1990s However while low production levels might 
drive costs higher technical improvements alone may drive hehostat costs downward as much 
as percent see California Energy Commission. Technical Assessment Manual op cit 1984 
As a rough approximation it is assumed here that the two opposite effects on hehostat costs roughly 
cancel each other out 

if the hehostat cost represents 42 percent of total plant costs then total plant costs would be 
$2 250/kWe (1980$) Using the producer price index, this yields about $2 531 in 1983 dofe»" 
or $2 500 rounded-off This figure is based mostly on optimistic assumptions for 1995 a 
fore will be used as the low end of the OTA cost range for 1995 

The high end of the range assumes that heliostats will cost $250 per square mr 
the preser.t estimated cost for heliostats This is based on information from the follow oes 
1) Personal correspondence between A Skinrood Sandia National Laboratories Livermore, CA, 
andN Hinsey Gibbs & Hill Inc May 11 1964 2) Nina Markov Exciting Developments Ret lect 
Bright Future ' Renewable Energy News, vol 7 No 2 May 1984 pp 8-12 

If 663 000 square meters are required for a 100 MWe plant the price of the heliostats is ap- 
proximately $1 658/ k We If this represents about 53 percent of plant costs then total capital costs 
would be $3,i08/kWe This table will use the rounded figure of $3 100/kWe as the high end 
of the cost range This is somewhat lower than the $3,616/kWe (1983$) used in a 1984 analysis 
by the Solar Energy Industries Associate represent the costs of building three central receiver 
plants (30 MWe 60 MWe and 100 MWe) between 1985 and 1992 And it is considerably lower 
than the $4 000/ kWe figure cited in one source Markov op cit 1964 as being the present 
cost ol central receiver: as estimated by industry analysts ' 

Several published estimates for commercial units fall within the lower bounds of OTA range 
The California Energy Commission uses a construction cost estimate in 1982 dollars of $2 560 
(about $2 606 in 1983 dollars) for a 1990 central receiver system with the capacity to store 3 
hours worth of power and to operate with a capacity factor of 40 percent see California Energy 
Commission, op cit 1984 EPRI estimates a similar figure for a 1992 central receiver, see EPRI 
Technology Assessment Guide op cit 198? 

11 should be noted f hese earlier estimates assume mass production of helmtats in numbers 
sufficient to allow hehostat costs to drop to relatively low levels It is here <*<sumed that mass 
production of heliostats will not immediately follow the startup of the first 100 MWe commercial 
demonstration unit, and that the laS.istats utilized by any commercial units which begin operation 
in the 1990s will utthz* ^si.ostats manufactured in relatively small batches at costs as high as 
$?50/square meter yielding plant costs of aoout $3 100/kWe Fortifying this estimate is the fact 
that Solar One cost about $16,060/kWe (1983$) and the proiected installed cost for Socal Ed s 
proposed (and cancelled) 100 Mwe unit was about $6.000/kWe ('983$) see California Energy 
Commission Technical Assessment Manual op cit 1984 

"Based on information from the following sources 1)Bat1leson op ci1 1981 2) OTA Work 
shop on Solar Thermal Electric Generating Technologies op cit 1984 

Based on 42 percent capacity factor (escatated to 1983$) o&M costs could be reduced with 
the installation of central control facilities and roving operators from OTA contractor N Hinsey 
Gibbs & Hill, Inc , interview with J Bigger Electric Power Research Institute M?y 10 1984 
However a pool of several plants is necessary lo operate on such a basis This will most likely 
nof be the case in 1995 Therefore, O&M costs are not expeded to drop significantly until many 
plants are on-line 

E Weber indicates a 12 4 mili/kWh O&M cost for a 60-MW plant with a 23 percent capacity 
factor, see E Weber "Financial Requirements hr Solar Central Receiver Plants" (Phoenix, A2 
Arizona Public Service Co , 1983) 

This is considerably higher than the estimate prided by Teknekron Research Inc Energy 
and Environmental Systems Division Draft Cost Estimates and Cost Forecasting Methodologies 
tor Selected Nor conventional Electrical-Generation Technologies submitted to Technology Assess 
ments Propel Office California Energy Commission May 1982 This report estimated that annual 
O&M tor a 100 MWe plant would be $1 166 000 (1978$) Assuming a 42 pei cent capacity factor 
Ihis amounts to 4 6 mill'. kWh (1983$) The figure however is lower lhan would be obtained 
if another sourci s estimate of annual O&M of $5 6 million/year (1981$) for a 100 MWe plant 
is used seeJR Roland and KM Ross Solar Central Receiver Technology Developmeni and 
Economic* -100 MW Utility Plant Conceptual Engineering Study op cit 1983 That figure, 
with a 42 ^rcent capacity factor wou.d yi©.* about 16 mills /kWh in 1983$ 
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Table A-2b.— Cost and Performance of Solar Thermal- 
Electric Plants Central Receivers 1 



May 1985 technology status 

Level of technology development concept supported by 

small ptlot facility 2 
Installed capacity 10 8MWe 3 
Reference system: general characteristics 
Reference year 1995 
Deployment level scenario 4 

High 110 MW 

Medium 60 MWe 

Low 10 Mwe 

Plant stze * 

Gross 1 10 MWe 

Net 100 MWe 
Lead-time, years 5 6 
Land required 700 acres 7 
Water required. 0 7 million gallons/day 8 
Reference system: performance parameters 
Operating availability 90-95 percent 9 
Capactty factor 42 percent 10 
Duty cycle* intermediate 
Plant lifetime 30 years" 
Plant efficiency 20-25 percent' 2 
Reference system: costs 

Capital costs for commercial unit $2,500-3, 100/kWe (net) 13 
O&M costs 10-12 mills/kWh 14 

'The system referred to here is a moilen salt centra! receiver This p r esentiy is ;ne p r etered 
variety ot central receiver among major proponents 

'The pilot factl'ty referred to here is Solar One a receive' which uses water to abso r b the Sun s 
heat no such electricity produr ng pilot facility exists for the molten salt variety of central receiver 
However Sandia National laboratories m N°w Mexico operate a Molten Salt Electric Experiment 
<MSEE i which began operating in 1984 It can produce 750 KWe 

'This figure represents the '0 8 MWe So.'ar One central receiver While it is not a molten sail 
receiver >t is included here because u is in many ways very similar to a molten salt central receiver 

'The low scenario assumes that no central receivers other than Solar One (10 MWej will be 
operating by 1995 The medium scenario assumes that a 50 MWe molten salt pilot plant begins 
operating by that time The hiCh scenario ass 'mes in addition that a 100 MWe commercial demon 
stration is unit is Operating by the end jl 1995 

' commercial receivers are expected to be as large as 200 to 500 MWth T Tracey 
Development ot a Solar Thermal Central Heat Receiver Using Molten Salt (Denver CO Ma rim Manet 
ta 1982 1 I At a nominal efficiency of 25 percent the electric generation range is 50 to 1 25 MWe ) 
Receiver development and investigation has been performed by Babcock & Wilcox and Martin Marietta 
m the 1 00 MWe plant size range this also was selected as the reference size used by the Eiectnc 
Power Research institute in its Technical Assessment Guide See the follow ng sources 1 ) Elec 
trie Power Research institute per tj nical As sessment Guide ( Palo Alto CA EPRI 1 982 1 EPRi 
P 24 1 0 SR ? i O 0u' ram The Development and Design ot Steam 'Water Solar Receivers for Com 
mercial Appi>catiOn\\mVQ'\f Babcock & Wilcox Co 1982) 3i o Wu etal Conceptual DestQn 



o*an Advanced Water Steam Receive^ for a Solar Thermal Cenfai Power System (Livingston NJ 
Foster Wheeler Development Corp 1982) 

in the OTA s Solar Thermal Electric Power Workshop June 12 1984 Charles Finch of McDon 
nen Douglas indicated that the gross capacity ot a plant should be i to MW if il 3 to yield 100 MW net 

H should •> noted that industry observers foresee an initial development ot 30 to 50 MW modu 
la f demonstration units Subsequent commercial units could possibly be multioles of 50 MW plants 
This is based on information from 1) E Weber Arizona Public Service personal correspondence 
with u Hmsey Gibbs & Hill inc May 10 t984 2) A Skmrood Sandia National Laboratories 
personal correspondence with N Hmsey Gibbs & Hill inc May 11 1 984 

'Two years of preconstruction licensing and design and 3 years of construction see Electric 
Power Research institute Technical Assessment Guide op cit 1982 and K Battleson Solar 
Pow Tower Design Guide Solar Thermal Central Reciever Power Systems A Source ot Electrici- 
ty and '/or Process Heat (Albuquerque NM Sandia National Labs April 1981 ) SANO81 8005 
The latter report estimates 4 years but does not include permitting and licensing 

California Energy Commission (CEC) Technology Assessments PrO|ect 0f<ice Appendices Tech- 
nical Assessment Manual (Sacr u mento CA CEC 1984) vol I 3rd ed Thio source estimates 
a lead time of 8 years it includes time for advance planning (1 year) regulatory (2 years; pur- 
chase orders (1 year) and construction and start up (4 years) 

Based on approximately 0 53 acres/million Btu/hr for a plant with a capacity facto' of 42 per- 
cent and 2850 kWh/sq *» yr insolation see Battleson op cit 1981 

in one source Arizona Public Service Co Responses to Questions Pertaining to Solar Ther- 
mal Electric Power Plants for the Ofnce ot Technology Assessment s New Generating Technology 
Cost and Performance Workshop June T984 it was estimated that about 8 4 acres per MWe 
would be required tor a central receiver system this would amount to 840 acres for a 100 MWe plant 

1 The water requirements tor a solar plant would be essentially the same as those for a water- 
cooled fossil- powered utility plant There would be a small incremental water requirement for wash- 
ing heliostals {5 000 gal/yr per MWth peak) Battleson op cit 1981 Water requirements for 
a conventional power plant are 675 gal/hr/MW see K Yeagar Fluidized Bed Combustion— An 
Evolutionary Improvement in Electric Power Generation vol 1 , August 1980, USDOE CONF-80048 
This corresponds to 680 400 gat/day for a plant with 42 percent capacity factor This figure ad- 
ded to 5 000 gal/day tor washing hehostats (380 MWth + 100 MWe) yields 685 400 gal/day 

'Based on information from the following sources 1) N Hmsey Gibbs & Hill Inc OTA con- 
tractor interview with E Weber Arizona Public Service May 10 1 984 , 2) N Hmsey of Gibbs 
& Hill Inc OTA contractor interview with A Skmrood Sandia National Laboratories Livermore 
CA May 1 1 1984 3) U S Congress Office of Technology Assessment Workshop on Solar Thermal- 
Electric Generating Technologies Washington 0C June 12 1984 

Availability must be 90 percent or greater especially for an intermediate duty unit to be seri- 
ously considered by utilities 0 Van Alfa Israeli Solar Plant Blooms ' Engineering News Record 
vol 211 No 21 Nov 24 1983 This figure is supported by JR Roland and KM Ross Solar 
Central Receiver Technology Development and Economics- 100 MW Utility Plant Conceptual En- 
gineering Study Energy 'ethnology X A Decade of Progress ' Richard F Hill (ed ) (Rock- 
viile MO Government Institutes Inc t983). pp 1421 1444 

'"From Gibbs & Hill Inc Overview and Evaluation of New and Conventional Electrical Generat- 
ing Technologies for the f990s OTA contractor report 1984 Actual capacity factors will vary 
considerably depending on system design location and operating practices 

The California Energy Commission in a t984 report assumes a 40 percent capacity factor for 
a unit with 3 hours worth of storage For the same amount of storage EPRI assumes a capacity 
factor of 30 percent and Teknekron Research Inc assumes a capacity factor of 50 percent see 
Electric Power Research Institute Technology Assessment Guide op cit 1982 and Teknekron 
Re sea r c h ' nc Cost Estimates and Cost Forecasting Methodologies for Selected Nonconventional 
Electrical feneration Technologies (Sacramento CA CEC 1982) CEC Report No P300-300-82-006 

"Based on information m the following sources 1) Battleson op cit 1981 2) N Hmsey 
Gibbs & Hill Inc OTA contractor interview with J Bigger Electric Power Research Institute. 
May 10 1984 3) E Weber Financial Requirements for Solar Central Receiver Plants (Phoenix, 
AZ Arizona Public Service Co 1983) 

' 'F rom Gibbs & Hill Inc Overview and Evaluation of New and Conventional Electrical General 
mg Technologies for the 1990s op cit 1984 
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Table A-3.— Cost and Performance of Medium-Sized 
Wind Turbines 



May 1985 technology status 

Level of technology development 1 commercial 
Installed capacity: 650+ MWe J 
Reference system: general characteristics 
Reference year': 1995 
Deployment level scenario*: 

High .... 2,900 MWe 

Medium ..2,200 MWe 

Low 1,500 MWe 

Plant size (no. of units x unit nameplate capacity) 

50 turbines @ 400 kWe 5 
Lead-time' 1-2 years* 
Land required: 300-2000 acres 7 
Water required: negligible 
Reference system: performance parameters 
Availability: 95-96' 
Duty cycle: intermittent 
Plant lifetime- 20-30 years 1 
Capacity f actor: 1 0 

High 85 percent 

Medium 30 percent 

Low .... 20 percent 
Reference system: costs 
Capital costs $900-1 ,200/kWe (net) 1 * 
C4M costs 6-14 mills/kWh 12 



'Almost all of the commercially operating units in 1984 were small wind tur- 
bines rather than the medium-sized units expected to dominate in the 1990s 

'Thomas A Gray. Executive Director. American Wind Energy Association, per- 
sonal correspondence with OTA staff. Jan 29 and May 6, 1985 Gray estimated 
that 550 MWe were in place in California and that approximately 100 MWe were 
in place elsewhere in the United States at the end of 1984 it ia not known how 
much additional capaci'y was installed during the first 4 months of 1985 

'The reference year 1995 is selected as being the year for which wind turbine 
cost and performance will best typify the cost and performance of turbines dur- 
ing the 1990s 

'In estimating the low range, it is assumed that a) an additional 400 MWe will 
be installed in California In 19A*\ and b) the sum of the capacities installed from 
1985-95 in California and from 1983*95 in the rest of the country is equal to 400 
MWe This low estimate essentially assumes » boom and bust situation where 
high levels of tax subsidized investment through ths end of 1985 is followed by 
a period of very low— though continued— growth over the following decade The 
high range assumes a) that the 1,450 MWs projected by the California Energy 
Commission to be on line in California Dy 1996, and b) an equivalent amount of 
wind power will be installed elsewhere In the country by that time, see Thomas 
Tanton, California Energy Commission (CEC), "Memo to Interested Parties Back- 
ground Material for Nov 2, 1984, CEC workshop on Resource Estlm ites of Small 
Power Technologies in California" (Sacramento. CA CEC. Oct 23, 1984) The 
medium deployment level is roughly halfway between the high and the low 

'Units in sizes ranging from 200 to 600 MWe are being actively developed and 
may be deployed before the end of 1985 See 1) Tanton. op clt , 1984, 2) Robert 



Lynette, R Lynr tte & Associates, Inc , personal correspondence with OTA staff. 
Dec 5, .1984, S) "Westinghouse Hearing Pint' Agreement on Selling 15 600-kWe 
Windmills to HEI, " Sole/ Intelligence Report, Dec 24, 1984, p 406. 4) Tom Gray, 
Executive Director, American Wind Energy Association, personal correspondence 
with OTA staff, November 1984 

'This assumes that the p re-const ruction period is 6 months to 1 year, and that 
the construction period la 6 months to 1 year as well Baaed on Information pro- 
vided by 1) OTA workshop on Wind Power, June 12, 1984, Washington, DC, 2) 
Lynette, op cit , 1984 

'Baaed on . (formation provided by Donald A Bam. Wind Energy Specialist, 
Oregon Department of Energy, personal correspondence with OTA ataff. June 
1 1 , 1985 The low eat I mate aaaumes a power denalty of 15 acres/MWe based on 
a turbine spacing of 3 rotor diameters on each side and 6 rotor diameters In front 
and behind each turbine The high estimate assumes a power density of 80 
acres/MWe based on a turbine spacing of 10 rotor diameters on each aide as 
well as In front and behind 

'9&sed on Information provided by 1) Lynette, op clt . 1984. he stated that 
current reliable unite are averaged 95 percent reliability in 1984. he suggests a 
range of 92 to 97 for Intermediate alzea In the 1990s 2) "Wind Turbine Operating 
Experience and Trenda," EPRIJoumeJ, vol 9, No 9, November 1904. pp 44-46 
This source Indicates that an availability of 70 to 96 percent has been achieved 
with small turblnea and that availabilities could reach 95 to 96. It cautions, 
however, that It la not clear what capital coata would be associated with that 
range of availabilities 3) Bain, op clt , 1965 Me expecta availability to be 96 
percent 

'Based on Information from the following 1) Lynette, op. clt , 1W4 He esti- 
mated that the lifetime will be 20 to 30 years 2) "Wind Turbine Operating Ex- 
perience and Trends," EPRI JournsJ, op clt , this article aaaumes a lifetime of 
key wind turbine components Is 20 to 30 years EPRI does, however, acknowledge 
that this la a key assumption thst has "not yet been adequately teated In opera- 
tional systems because Insufficient field experience " 3) Bain, op clt , 1985 
Me indicated that the lifetime of wlndfarma would be 20 to 30 yean. 

"Thla range generally corresponds with average wind speeds of 1 4 to 10 mph 
Higher average wind apeeda will yield higher capacity factors, all other things 
being equal Thla la In rough accordance with the following eatlmataa 1) The 
California Energy Commlsalon'a 22 to 35 percent range used In an analyala of 
wind-generated electricity cost, see Tanton, op cit , 1964 2) A figure of 30 per- 
cent estimsted by The Southern California Edison Co for the projected mature 
technology, from I R Straughan, Southern California Edison Co , "R&D Input to 
the Fall 1984 Generation Resource Plan," unpublished memorandum, Aug 30, 
1984 3) A figure of 30 percent provided by Lynette, op clt , 1964 la used as the 
medium -range figure 4) The 35 percent figure was considered reasonable by par- 
ticipants In OTA's Workshop on ths Coat and Performance of Wind Turbines, 
June 7. 1964, Washington, DC 

11 Based on Information provided by 1) Panelists sttendlng OTA's Workshop 
on the Coat and Performance of Wind Turblnea, June 7, 1964, Washington, DC, 
who felt thst the cost could go below $1,000 by 1990 2) Lynette, op clt , 1964 
He suggested It could go below $1,000 In 2 to 3 years By 1995, costs presuma- 
bly could drop still further 3) Chartea R Imbrecht, chairman of the CEC, ststed 
in mld-1984 thst turbine costs should drop to $950/kWe by the year 2000, see 
Soles Energy Intelligence Report, June 18, 1984, p 199 4) Straughan, op clt , 
1984. this memo Indicates that the projected mature technology would be charac- 
terized by total direct coata of $1,l75/kWe (1905$) 

Donald A Bain, Oregon Department of Energy, personal correapondence with 
OTA staff, Juns n, "965, he Indicated that wind farms could be installed today 
at a cost of $1,330VkWe, and thst the OTA estimate may be too high, 

u This is based on Information from the following 1) Lynette, op clt , 1964 
2) "Wind Turbine Operating Experience and Trends," EPRI Journel, November 
1984, pp 44-46, this article indicates thst O&M costs of 7 to 10 mliis/kWh (1964$) 
are possible with small machines 3) Straughan, op cit , 1984, he suggests thri 
the "protected msturs technology" would be characterized by flrat year CSM 
costs of $22/kW: (1985$) for a wind farm of 10 MWe operating with a 30 pe.cent 
capacity factor This amounts to 8 4 mllls/kWh (1963$) 
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Table A-4.— Cost and Performance of Geothermal Technologies 



Binary 1 



May 19C5 technology status 



Dual flash 



Large/small 



Level of technology development 



Installed capacity (gross) . . . 
Reference system: general characteristics 

Reference year . 
1996 deployment-level scenario 
(dual-flash and binary only) 5 

High.. . . 

Medium 

Low. 

Plant size (number of units x Uiiit size) 

Gross, MWe . 

Net, MWe 

Lead-time, years . 

Land required, acres 

Water required, gals/day . . . 

Reference system: performance parameters 

Operating availability, percent . 

Duty 

Unit lifetime, years ... 
Plant efficiency 

(watt-hours/lb of steam)"' 
Reference system: costs 

Capital costs, $/kWe (net) 

O&M costs, mills/kWh . . - 
Fuel (brine) costs, mills/kWh 33 . 



Commercial experience overseas; 
first commercial unit in U S to 
operate in 1985 2 
none 4 

1995 



Large demo plant under construc- 
tion/Small: commercial units 
operating 3 
none/22.3 MWe 



1995/1995 



1,166-1,830 MWe f 
406-1,165 MWe 7 
.122-405 MWe* 



1 x 53' 
1 x 50 
3-5 1 ' 
8-20 14 
3 million 16 



85-90 1 ' 
Base 31 
30" 

7.0-8.0" 

1,300-1,600" 

10-15 31 
20-70 



1 x 70 ,0 /2 x 5 n 
1 x 50/2 x 3.5 
3-5/1 13 
8-20/ 1-3 1 4 
4.1 million 17 
/0.6 million 1 ' 

85-90/85-90" 
Base/Base" 
30/30" 

9.5-12.0/7.0-9.0" 

1,500-1 ,800"/ 
1,500-2,000" 

10-15" 

20-70 



1 Two scales of binary technology art* included Although large binary geothermat plants will benefit 
from economies of scale smaller modular wellhead units will also be deployed Smaller 5 to 10 
MWe modular units will allow the progressive development of a geothermal resource Thts ap 
proacn lessens the initial upfront dedication of capital and allows for demonstration of the resource 
Module sizes of 10 MWe for flash units are most likely the smallest to be developed due to limita- 
tions m turbine des,<,n from R Walter and N Hinsey Gibbs & Hill, Inc personal correspon- 
dence with OTA staff May 7 and June 26 1984 

'Geothermal dual flash technology ts considered commercial today, see W Collins Proceedings 
ot the Geottermal Program Review ll (Washington, DC U S Department of Energy December 
1983| CONF-8310177 Nearly 400 MWe of dual flash generated electricity was installed world 
wide by the end of 1983 see R DtPippo Worldwide Geothermal Power Development Geother 
m\ Resources Council Bulletin vol 13 No 1 January 1984 The first U S unit is expected 
to operate commercially m 1985 

'The larger binary cycle plans will ha u e their first demonstration when a 45 MWe plant operates 
in 1985 at Heber CA Small units are already operating at several locations in the U S 

•Although no dual flash units are presently operating in the U S a 30 MWe unit has been oper 
atmg since 1981 at Cerro Prieto Mexico 50 Km south of California An additional 440 MWe (four 
1 10 MWe units) of dual flash capacity is expected to be on line this year m the same vicinity 
The first u ? dual Hash unit (47 MWe) is under construction at Heber, see Dmp^o, op crt 1984 

'Since the most recent and comprehensive estimates referenced make nc Unction between 
binary and dual flash plants a single set of deployment values are projected 

'From the Electric Power rtoearrh institute s Utility Geothermal Survey s ' possible estimate 
of U S geo'hermal electricity power capacity in 1995 see P Kruger and V Roberts Utility In 
dustry Estimates of Geothermal Energy Geothermal Resources Council Transactions vol 7 Oc- 
tober 1983 pp 25 29 Estimate has been corrected to exclude 2 580 MWe expected at The Geysers 
m 1995 see T Cassel et al national forecast tor Geothermal Resources Exploration and De 
velopment (Washington DC U S Department of Energy March 1982) DOE/ ET/ 27/242 T2 

'Kruger and Roberts op cit 1983 Estimate has been corrected to exclude 2 680 MWe ex 
pected at The Geysers in 1995 see Cassel et al op cit 1982 

'The low end of the range represents the total generating capacity (dual flash and binary only) 
now installed or under construction The high end of the range is derived from Kruger and Roberts 
op cit 1983 This figure has been corrected to exclude t 753 MWe of capacity at The Geysers 
either operating under construction planned or a speculative addition, see DiPippo op crt 1984 

'An EPRl Utility Geothermal Survey indicated that nearly 60 percent of respondents consider 
50 MWe to be the minimum size for a commercial plant With regar- .o optimum size commercial 
plants two thirds indicated a preference for too MWe and one-third for 50 MWe see V Roberts 

Utility Industry Estimates of Geothermal Electricity ' Geothermal Resources Council Bulletin vol 
11 No 5 May 1982 pp 7 10 California regulations require that electric generating facilities 
greater than 50 MWe (net) file for certification and also perform a documentation of the resource 
and technology Ty date all geothermal plants planned or under construction (excluding The Geysers) 
in California do not exceed 49 MWe (net) m order lo avoid the delay and cost of complying with 



regulations for units larger than 50 MWe (net) Since most geothermal development is expected 
to occur in California in the next 5 to 10 years 50 MWe appears to be a reasonable size for the 
reference plant discussed here This is based on information provided by t) Walter ?nd Hinsey, 
op cit , 1984 2) R DiPippo Southeastern Massachusetts University, personal correspondence 
with N Hinsey. Gibbs & Hill. Inc . May 7, 1984 3) Collins, op crt , 1983 
Gross plant size shown (53 MWe) represents that of a dual flash system 
"Same rationale as In footnote 9 Binary cycles require much more auxiliary power to pump 
brine and would need a 70 MWe turbine (size reduction would occur as efficiency of the cycle 
is improved), see DiPippo op crt , 1984 

"Several observers have projected that modular, wellhead units wilt comprise a large portion 
of binary development *t lower temperature, less understood resources 1) Jack S Wood Wort 
& Associates personal correspondence with OTA staff. Oct 6, 1984 2) Evan Hughes Electric 
Power Research institute personal communication with OTA staff. C:t 4 1984 3) Janos laszlo. 
Senior Mechanical Engineer, Pacific Gas & Electric, personal communication wtth OTA staff, Oct 
10 1984 

The 5 MWi unit corresponds to a powerplant geared to the output of one well, from Ben Holt 
Ben Holt Co personal communication with OTA staff. Sept 10, 1984 

"Great variations may result from licensing requirements about write* umd is considerable 
uncertainty The first unit at a given site will take longer, possibly 5 years due to initial permitting 
and licensing Subsequent unrts could require as little as 3 years Based on informatio; provided 
by 1) OTA Workshop on Geothermal Power, Washington, DC. June 5, 1984 2) Cassel et al , 
op cit . 1982 

"For large units see footnote 13 Smaller unrts can be factory fabricated and shipped to the 
site much quicker than larger units Modular units depending on the site, coufd be brought on- 
line in as few as 6 months (not including permitting and licensing) Jack S Wood, Wood & As- 
sociates personal communication with OTA staff, Oct 6 1984. indicated that it takes only 100 
days to full operation after a modular unrt arrives onsite inclusion of licensing and permitting 
should extend lead-time to t year Great variations may result from licensing requirements, about 
which there is considerable uncertainty 

"OTA Workshop on Geothermal Power op cit 1984 This value does not include the entire 
area of the field because much of the land above the field can still be utilized and only pan of 
the surface is occupied by the facilities (Modular units would be at the low end ot this range ) 

"The larger units should require up to 20 acres-similar to dual flash unrts, from Walter and 
Hinsey, op cit , 1984 A smaller unit can vary from less than 1 acre for a modular, container- 
mounted unrt to 3 acres for a unit similar to an East Mesa, CA unit, see Gibbs & Hill, Inc Over- 
view Evaluation ot New and Conventional Electrical Generating Technologies for the 1990s. OTA 
contractor report, Sept 13 1984 

"Based on an estimate made by J A Sieve rstatfe. Gibbs & Hill inc personal correspondence 
with OTA staff May 1 1985 he estimated that the 47 MWe (net) Heber dual flash unit will require 
approximately 2 800 gallons /minute of make up water This figure was adjusted for the slightly 
larger 50 MWe (net) reference plant operating with a capacity factor of 70 percent The figure 
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assumes that aff steam condensate is reinjected with the spent brine If any of the condensate 
is used for cooling purposes make up water requirements will be smaller 

"Based on estimate that the 45 MWe (net) Heber Binary plant will consume water at a rate 
of 3 700 gallons per minute The water requirement was esthnated by Southern California Edison 
Co m comments made on OTA draft cost and performance tables Apr 10 1985 This was ad 
justed for tne slightly larger 50 MWe (net) reference plant operating with a capacity factor of 
70 percent 

"Baaed on estimate made by Zn Krieger ol Ormat Turbines Mr Kneger stated that a 20 MWe 
(net) installation consisting of 26 modules planned for Last Mesa CA would have make up water 
requirements of about 1 SOO to i 800 gallons/ minute This was adjusted for the considerably smaller 
7 MWe (net) reference plant operating with a capacity factor of 70 percent 

'•OTA Workshop on Geothermal Power op cit 198* 

♦•bid 

1 tbid 

"ibid 

"Design Mi ol current plants is 30 years This is not expected to change in the next 10 years 
from Walter and Hinsey op cit 1984 
,4 OTA Workshop on Geothermal Power op cit '984 
"Evaluated at a 400 F resource 

"Figures shown represent net brine effectiveness (defined as watts ol net electric power 
output per pound per hour geothermal flow) in w-hr/ib Fo' current state-of-the-art power sys 
terns the net brine effectiveness ranges from 7 0 to 8 0 for dual flash cycles respectively given 
a resource temperoture of 200- Ct400 J F) see T Cassel C Amundsen and P Blair Geottrr 
mat Power Plant R&D An Analysts ol Cost Performance T rade-ofts and the Heber Binary Cycle 
Demonstration Project (Washington OC US Department of Energy June 30, 1983k DOE/CS/ 
306 74 2 Dual flash is a mature technology and basic cycle efficiency improvements are not ex 
pected as with conventional cycles gains in efficiency can be achieved through greater capita! 
and operating expenditures Economic considerations as opposed to technical breakthroughs 
drive these decisions see Pibbs & Hill Inc op crt 1984 

"Figures shown for high medium and low represent net brine effectiveness (defined as 
watts of net electric power output per pound per hour geothermal flow) in w-hr/lb For current 
state-of the-art power systems the net brrne effectiveness is about 9 5 for binary cycles re spec 
ttvely given a resource temperature of 200' C (400° F) see Cassel Amundsen and Blair op 
cit 1983 Reference 1u reveals that an advanced binary system (utilizing a countercurrent con 
densor and a recuperator) brine effectiveness ccild reach > 1 0 for a 200 ~ C resources with 2 000 
to 100 000 ppm total dissolved sol'ds with additional penetration Binary cycle research indicates 
that there will be improvements in brine effectiveness as more work is performed on direct contact 



heat exchangers staged heat rejection recuperation and counter-current condensing Twelve 
w hr 'lb represents the estimated maximum probable net effectiveness see J Whitbeck Idaho 
National Engineering Lab 'Heat Cycle Research Program ' Proceedings ol the Geothermal Pro- 
gram Re »ew II (Washington OC U S Department of Energy December 1983) CONF 831077 
The smaller binary plants are not as efficient as their larger counterparts Wrth significant penetra 
lion net effectiveness could increase to 9 w-hr/lb fromH Ram, Ormat. Inc personal communi- 
cation with OTA staff Oct 6, 1984 

"Based on information from 1) Waiter and Hinsey op crt 1984 2) OTA Workshop on Geo- 
thermal Power op cit 1984 3) Cassel Amundsen and Blair, op crt 1983 

Capital costs are not expected to decrease as a function of on -tine capacity Small modular 
flash units (approximately lOMWe) cost $1,500 to 1,600/kWe for single units (based on data 
trom Gibbs & Hill San Jo«o ufltce) When several unds are purchased together the cost could 
be as low as $i,000/kWe, from waiter and Hinsey. op cit , 1984 installations at highly saline 
resources will be more costly, however 

"Based on information from the following sources 1) Walter and Hinsey. op cd 1984 2) 
OTA Workshop on Geothermal Power, op cit , 1984 3) Gibbs & Hill. Inc . op cd 1984 

Capital costs are not expected to increase as more units are deployed Large binary plants will 
have larger capital costs because of the greater complexity involved 

"The smaller binary plants will have higher capital costs than large binary cycle plants Costs 
of $2 000/kWe havu been reported for a 7 MWe (net) plant, from Holt, op crt . 1984 Very small 
5 MWe containerized, binary unds have been advertized for $l.500/kWe. installed, from Ram. 
op cit 1984 

"OTA Workshop on Gecthermai Power, op cit . 1984 MM costs of plants now in operation 
vary widely due to the qualitr- * the resouces being utilized The Heber flash plant has an MM 
cost of 10 3 rmlls/kWh and could be considered average Advances in operation, including com- 
putenzed controls and roving operators, could reduce the operating component of MM costs some- 
what in the next 10 years But this improvement would not be significant when compared to the 
possible range of total O&M costs see Walter and Hinsey. op eft . 1984 

"04 M costs are expected to be the same as those of the dual flash technology Based on infor- 
mation provided by 1) Waiter and Hinsey. "op eft , 1984 2) OTA Workshop on Geothermal Power, 
op cd 1984 

"OTA Workshop on Geothermal Power op cit 1984 Brine costs result from negotiation with 
the brine supplier The brine cost will tend towards a pnee which causes the total cost of the 
geothermal plant to be competitive with the least expensive alternative form of base load genera- 
tion Depending on location this could vary between 20 to 70 miHs/kWh, see P Blair T Cassel 
and R Edelstein Geothermal Energy Investment Oectstons and Commercial Development (New 
York Wiley fnterscience 1982) 
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Table A-5.— Cost and Performance of Large 
Atmospheric Fluldized- Bed Combustion Systems 1 

May 1985 technology status 

Level of technology development: commercial demonstration 

unit under construction 3 
Installed capacity (large units only), none 
Raferancs-syttam: g«ntral characteristics 
Reference year 1990 

U.S. deployment level scenario, 1990 (large units only, 

including retrofit units): 3 

High 735 MWe 

Medium 610 MWe 

L^w 510 MWe 

Pla size (no o' units x unit Size) 

Gk 1 x 163 MWe 

Net . ...1x150 MWe 
Lead-time: 5-10 years 4 
Land required: 90-218 acres* 
Water required: 1.5 million gallons/day* 
Reference system: performance parameters 
Availability: 85-87 percent 7 
Duty cycle: base/intermediate 
Plant lifetime- 30 years 
Plant efficiency: 35 percent' 
Reference system: costs 
Capital costs: $1 ,260-1 ,580/k We» 
O&M costs: 7.66 mills/kWh 10 

Fuel costs: 17.4 mills/kWh" 

'Unless otherwise specified, the Inures relate to entirely new grass roots electric power 
piar.ls not to the retrofits of fluKfczed bed combustors to exis'ing power punts Also untes otherwise 
stated the figures apply only to plants designed and operated to produce electric power only 
cogenerators are excluded 

'Note that three large retrcfrt units are under construction Two of these are utility demonstra 
t»on units one is a commercial nonutihty unit 

'The deployment figures include both entirety new plants and reirofrts All deployment levels 
assume that the following plants will have been completed and will be operating by 1990 
- Tennesee Valley Authority Shawnee Unit t60 MWe to be completed 1989 
-Colorodo Ute Nucia unit 100 MWe to be completed 1987 (retrofit) 
-Northern States Power Co Black Dog Unit 2 125 MWe to be completed 1986 (retrofit) 



-Florida Crushed Stone Co Brookesville FL 125 MWe to be completed 1987 (retrofit 
cogeneration) 

The low scenario assumes that no plants other than those listed above will be operahng in 1990 
The high scenario assumes that two additional retrofit unit wiil be operating with a total additional 
capacity of 225 MWe and the medium scenario assumes that one additional 100 MWe units will 
be operating Neither the medium nor the high scenarios are expected only the low one is 

•It is assumed that the AF8C wii have roughly the same lead-time as the (GCC This assumes 
3 to 5 year p reconstruction period and a 2 to 5 year construction period I <ce9t tonally favorable 
circumstances could lead to lead-times below this range unusually poor conditions to result in 
a higher lead-time 

•Using a figure of 0 6 to f 45 acres/MWe The land estimate includes the land required for 
solid waste disposal and coal storage This figure is based on two sources 1) Battelle. Columbus 
Division Final Report on Alternative Generation Technologies, vols I and II (Columbus. OH Bat- 
telle 1983) This source indicated that a 1.000 MWe plant would require 1,450 acres, this aver- 
ages out to 1 4a acres/MWe 2) Kurt E Yeager , Electric Power Research Institute. "Coal Utilization 
in the U S -Progress and Pitfalls, " Proceedings of the Sixth international Conference on Coat 
Research London UK. Oct 4. 1982 (London, UK National Coat Board 198?). pp 639-664 
This source suggests that 1,200 acres would be required for a 1.000 MWe pum. this averages 
out to 1 2 acres/MWe 3) James W Bass. III. Project Engineer. AFBC Technical Services. TV A. 
personal correspondence with OTA staff, Apr 30. 1985 He estimated that <ne PM 160 MWe 
demonstration plant will occupy aop :xlmately 93 acres This amounts to about 0 6 acres/MWe 

•Based on an estimate that an Ar-BC would consume approximately 0 6 gallons per kWh and 
a capacity factor of 0 7, see Yeager. op crt . 1982 These figures are consistent with estimates 
made by Bass, op cr> . 1985 

'Based on information provided by 1) Workshop on Fluidized-Bed Combustors. OTA. Washing- 
ton DC, June 6 1984 2) Electric Power Research Institute, Technical Assessment Guide (Palo 
Alto CA EPRI May 1982) P-2410-SR 3) Stratos Tavoulareas. Protect Manager. Fluldized Com- 
bustion Coal Combustion Systems Division. EPRI. personal correspondence with OTA staff. Feb 
19 1985 

•Based on information provided in the following sources 1)KE Yeager. "Fluldized Bed 
Combustion -An Evolutionary improvement in Electric Power Generation. ' ' The Proceedings of the 
Sixth international Conference on FMudued-Bed Combustion, Apr 9-1 1 . vol t 1 960. CON F -800428 
2 ) ' EPRI , B & W Score Major Advance with Atmospheric Fluldized Bed Boiler. ' ' The Energy Dairy, 
Oct 10 1979 3) Bums and Roe. Conceptual Dfsign of a Gull Coast Lignite-Fired Atmospheric 
Flutdized-Bed Power Plant (Palo Alto. CA Electric Power Research institute. 1979). EPRI EP-1173 
4) R Smock. "Utilities Look to Fluid Bed Design as Next Step In BoHer Design." Electric Light 
and Power, vol 62, No 7. July 1984. pp 27-29 5) Yeager. op cit .1982 This source suggests 
that a 1.000 MWe unit would have an efficiency of 35 3 percent 

'The high ei.d of the range is based on an estimate made by Tavoulareas. op crt . May 15. 
1985 He estimated that the costs, m 1984 dollars, might be approximately $l.640/kWe for a 
plant with a net capacity of 193 3 MWe (209 6 MWe gross) Converted to 1983 dollars using 
the Handy Whitman Bulletin Cost index (see Definitions section of this appoendix). this yields 
*1 .580/kWe This is considered the high range of the OTA estimate The low end of the range 
is set 20 percent lower than that figure, or $1,260 

"This is based on an estimate made by Tavoulareas. op crt . 1 985 He estimated that the O&M 
costs, in 1984 dollars, might be approximately 7 96 mills/ kWh for a plant with a net capacity 
of 193 3 MWe (209 6 MWe gross) Convened to 1983 dollars using the Handy Whitman Bulletin 
Cost index (see Definitions section), this yields an O&M cost of 7 66 mills/kWh 

"Based on a 1990 coal cost of V 78/millwn Btu (see details in the Definitions section of this 
appendix for an explanation for fuel costs) and an average annual heat rate of 9 751 B1"'kWh 
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Table A-6.— Cost and Performance of Integrated 
Gaslflcation/Comblned-Cycle Powerplants' 



May 1985 techno logy status 

Level of technology development demonstration plant 

Installed capacity: 100 MWe 

Reference system: general characteristics 

Reference ye?r: 1990 

Deployment level scenario: 200 MWe 3 

Plant size: 500 MWe (net) 3 

Lead-time: 5-10 years 4 

wand required * 300-600 acres* 

Water required : 3-5 million gallons/day 1 

Reference system: performance parameters 

Operating availability. 85 percent 7 

Duty cycle: base 

Plant lifetime: 30 years* 

Plant efficiency: 35-40 percent 

Reference system: costs 

Estimated capital cost, 1990: $1,200-1,350/kWe 10 

O&M costs, 1990: 6-12 mills/kWh 11 

Fuel costs, 1990: 15-17 mills/kWh 12 



'The performance and cost data presented in this table are expected to bracket the various gasifi- 
cation technologies used in IGCC plants Workshop on IGCC OTA Washington DC June 6 1984 

'It is assumed that by 1990, two iGCCs will have operated in ihe United States ihe 100 MWe 
Cool Water plant and the Dow Chemical Co plant in Ptaquemine LA the capacity of which will 
be 100 MWe or more 

'The plant auxiliary power requirements will vary between 10 and 16 percent of net output de 
pending on the design see Fluor Engineers Inc Cost and Fviormance for Commercial Appiica 
tons of Texaco Based Gasification-Con^ned-Cycle Flints vols 1 and 2 {Palo Alto CA Electric 
Power Research institute 1984) EPRI AP 3486 and Argonne National Laboratory (AND and Bechtel 
Group Inc Design of Advanced Fossil Fuel Systems (DAFFS) A Study of Three Developing Tech- 
nologies tor Coal Fired Base-Load Electric Power Generation summary report (Chicago IL ANL 
1983) ANL/FE 83-9 8y far the greatest portion of the power (ro> Hy 3/4 of parasitic power 
requirements) is required to run the oxygen plant 

*This assumes a preconstruction licensing and design period of 2 to 5 years and a construction 
lead-time of 3 to 5 years 

The lower end of the estimate is the design potential of the IGCC In general tf great care »s 
taken during construction and early operation and close cooperation with regulatory authorities 
is pursued ihe 5 year lead-time could be achieved if these steps are noi taken however for 
the first few plants the complexity and uncertainty inherent in any new technology will cause 
the iead-iim«s to extend to as much as 10 years 

Overall lead-time estimaies have been made by 1 ) Peter Schaub Manager New Technology 
Program Potomac Electric Power Co (PEPCO) personal correspondence with OTA staff Feb t 
1985 He suggested that 10 years was a reasonable estimate This view was supported by Steven 
M Scherer Senior Protect Engineer PEPCO personal correspondence with OTA staff May 23 
1985 PEPCO is likely to be one of the first utilities to commit to building an IGCC Feasibility studies 
for an iGCC had been initiated by April 1985 the entire installation is not expected to be on-line 
until 1997 2) The California Energy Commission estimates that the lead-time would be 9 5 years 
and the L A Depanmenl of Water and Power which estimates thai the lead-vme would be 10 years 
see California Energy Commission Technical Assessment Manual vol I Edition II Appendices 
(Sacramento CA CEC June 1984) p 8 3 3) The participants at the OTA Workshop on the IGCC 
op en 1984 who endorsed an 8 to 10 year estimate 

Preconstruction licensing and design period estimates have made by 1 ) Electric Power Research 
Institute Technical Assessment Guide (Palo Alto CA EPRI 1982) EPRI P 2410 SR This source 
estimates that preconstruction licensing and design for an IGCC would take 4 years The analo 
gous period for ihe Cooi Water was nearly 4 years February 1978 to December 1981 2) S Ses 
sions U S Environmental Protection Agency Acting Director Regulatory Policy Oivisiun Office 
of Policy Analysis persona) correspondence with OTA staff Feb 1 1985 Mr Sessions suggested 
that 4 to 5 yea r s was not an unreasonable estimate for a typical IGCC being licensed over the 



next 10 years particularly in view ot the relative inexperience wilh the technology which will charac 
tenze the applicants and the regulators 

Thomas L Reed of Southern California Edison stated in personal correspondence with OTA 
staff May 24 1985 that the California sile- selection process for the Cooi Water facility took 18 
months and that the licensing period also took 18 monlhs, for a total of 3 years Mr Reed also 
stated that ihe site- seiecl ion process is an ongoing process that does not have to await a K jnt 
commitment before it is initiated He therefore thought that 6 months would be a typical period 
tor the sue -select ion process aid that as a result the total preconstruction period would be only 

2 years 

Construction period estimates have been made by i) EPRI op cit . 1982 This source esti- 
mates that construction lead-times for an ,GCC would be approximately 3 years 2) Schaub. op 
cit 1985 Mr Schaub suggested that 3 to 5 years was a reasonable estimate This estimate 
was conlirmed by Scherer. op cit , 1985 3) Reed, op eft 1985 Mr Reed estimated that con- 
struction would take 3 years However, he saw no reason why the period would be longer than 

3 years 4) Michael Gluckman. EPRI, personal correspondence with OTA staff, June 12. 1985, 
he estimated 2 to 3 years However, like Tom Reed, he dots not believe a plant could take longer 
than 3 years to build unless extraordinary problems arise 

Note that the selected range is tower than the estimated 68 month lead-time typical of U S 
coal plants which began opera' ng in 1976. see Applied Decision Analysis. Inc , An Analysis of 
Power Plant Construction L9jd Times Vol 1 Analysis ?nd Results (Pato Alto. CA Electric Power 
Research Institute. 1984;, EPRI EA-2860 
The Cool Water plant was characterized by a construction lead-time (from initial construction 
beginning of the demonstration period) of less than 3 years The plant however was character - 
i ed by circumstances which are unlike those expected of a commer ce plant Some of these charac - 
tt nstics tended to lengthen the lead-time, others to shorten it The evidence used in making the 
0 A estimate suggests that early commercial plants will take longer to build An important reason 
fo this is the fact that commercial plants are currently projected to be much larger than the Cooi 
Water plant 

•See ANL and Bechtel. op cit 1983. this report indicates that about 400 acres are required 
for plant, access and interim onsite disposal with 1 10 to 140 additional acres for oft-stte perma- 
nent disposal Also see Fluor Engineers, op eft , 1984. this study shows that about 260 acres 
are required for the plant including storage for 30 years worth of ash The differences probably 
result from differences in coal quality plant rating, and layout criteria for the bufer zone Hence 
a range of 300 to 500 acres is shown in the table 

•See Fluor Engineers, op cit . 1984. this report indicates 6 to 7 gpm/MWe water would be 
required depending on the method by which the gas is cooled See also ANL and Bechtel. op 
cit 1983 this report indicates 8 to 10 gpm/MWe Based on 6 to 10 gpm/MWe. a plant size 
of 500 MWe and a 0 7 capacity factor, 3 to 5 million gallons/day would be required 

'EPRI op cit 1982. indicates that an operating availability of 89 percent and equivalent avail- 
ability of 81 percent is likely See also Fluor Engineers op eft . 1984. this report indicates that 
IGCC plants can be designed for equivalent availabilities in the 80 to 85 percent range 

•EPRI op cit , t982 

•Ftuor Engineers, op cit 1984, this report suggests efficiencies of 34 4. 36 2. and 37 9 per- 
cent for tota« quench radiant only and radiant plus convecfive Texaco designs The ANL/Bechtel 
study op eft , 1983, indicates 36 9. 3 7 5 and 39 5 percent efficiencies for Texaco BGC Lurgi, 
and Westing house designs Hence a range of 35 to 40 percent is used here This range is in 
rough accordance with the 35 to 39 percent estimate made by B M Banda et al , Comparison 
of Integrated Coal Gasification Combined Cycle Power Plants with Current and Advanced Gas Tur- 
bines Advanced Energy Systems -Then Me In our Future Proceedings ot 19th Ltersociety 
Energy Conversion Engineering Conference. August 19-24 1984, San Francisco, CA (U S Ameri- 
can Nuclear Society. 1984) paper 849507, pp 2404-2407 

'•Fluor Engineers Inc op eft 1 983. this report gives S/kWe costs of 957 998. and 1061 
tor total quench radiant only and radiant plus convectrve Texaco designs These costs do not 
include contingency costs Based on a 20 percent contingency allowance (versus 1 7 to 19 percent 
used in the Fluor study) and Handy Whtttman index Ratio of 242/233, a 1.200 to 1.350 S/kWe 
range is shown in the table The ANL/Bechtel report, op eft 1983. mentions comparable (Janu- 
ary 1980) costs of SI 030/kWe (BGC/Lurgi) and $1,252/kWe (Texaco) 

"The following estimates fail within this range 1) ANL and Bechtel op cit .1983 The study 
indicates thai O&M costs would be in the 10 8 to 11 5 mills/kWh range (January 1980 dollars 
and 67 percent capacity factor) 2) Synthetic Fuels Associates Inc , Coal Gasification Systems 
A Guide to Status Applications and Economics (Palo Alto. CA ElecVIc Power Research Institute 
June 1983) EPRI AP-3109 the study snows O&M costs (tor 1 000 MWe plant) to be 5 to 6 
mills/kWh (mid- 1982$) 3) 0 F Spencer Vice President Advanced Power Systems Division 
Electric Power Research Institute personal correspondence with OTA staff May 17 1985 Mr 
Spencer estimated that O&M costs would be 6 to 8 mills/kwh 

"Based on 8 533 to 9 751 8tu/kWh heat rate (equivalent to 35 to 40 percent efficiency) and 
1990 coal cosh of $1 78/MM 8tu (see Definitions section of this appendix for an explanation of 
fuel costs) 
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Table A-7.— Cost and Performance of Fuel Cell 
PowerpSants 1 



May 1985 technology status 



Large 



Small 



Level of technology development 2 

Installed capacity 
Reference system general characteristics 

Reference year 1995 

Deployment level scenario 5 
High 800-1.200 MWe 

Medium 400-600 MWe 

Low 40 MWe 

Plant size (number of units x unit size) 8 



Demonstration Demonstration 
units planned units operating 5 
none 1 5 MWe 4 



Gross 

Net 
Lead-time 7 
Land required 
Water required 10 11 



1x115 MWe 2 x 200 kWe 
1x110 MWe 2 x 200 kWe 
3-5 years 2 years 
0 5 acres* 480-600 sq ft' 
negligible 



Reference system: performance parameters 

Operating availability 12 80-90 percent 

Duty cycle Variable Varable 

Plant lifetime' 1 30 years 20 years 
Plant efficiency 1 * 40-44 percent 15 36-40 percent 11 
Reference system costs 

Capital costs $700-$3,000/ $950-$3,000" 

kWe 17 

O&M costs (mills/kWh) 19 

Base/Cogen (75 percent c f ) 4 2-11 5 4 2-11 5 

Intermediate (40 percent c f ) 4 2-11 3 4 2-11 3 

Peaking (10 percent c f ) 4 3- <0 7 4 3-10 7 

Fuel costs (mills/kWh) 20 27-30 30-33 

'Only Phosphoric aad fuel cells are considered 

'In 1983 no commercial scale demonstration unils were operating in ihe Uniled States in 1984 
the first of a senes of about fifty 40 kWe units were operating in the United Slates and a 4 5 
MWe facility was operaling m Japan Further demonstration units are planned tor the next fwe 
years m a variety of sizes both m Japan and in the United States 

'These units are 40 kWe and ? t substantially different in design from the larger units (with 
rapacities of several hundred kWe) expecled to be commercially deployed in the 1990s 

*Thts consists of 38 units rated at 40 kWe each 

'The low estimate assumes that approximately fifty 40-kWe (net) unils two 1 1 MWe unils and 
two 7 5 MWe powerplants will have been installed by 1995 Ail would be demonstration units 
some of wuch will cease operalion before 1995 The low scenario assumes thai no commercial 
units will b? operating in 1995 

The medium scenario assumes the following 1 ) The bulk of initial orders will be for large fuel 
cell powerplanls rather than small ones 2) Investors will not mi, jte commercial fuel-cell projects 
unt.i they have seen demonstration units ope r a f mg for a year 3) large commercial demonstration 
units will go mto service in 1988 89 and investors will initiate projects no sooner than T989-90 
4 1 Demonstration and commercial projects will have lead times of 3 years ihe commercial projecls 
therefore would not yield operaling generating capacity until 1992 93 5) Beginning in 1992-93 
an average of 200 MWe of fuel cell powerplants will be placed in operation each year through 
1995 This deployment level is considered by industry sources to be the minimum level which 
anows the economic produclion of fuel cells in one manufacturing facility ' *iis is equivalent to 
the startup of about eighleen 1 1 MWe plants each year 

This results in a deployment scenario of 400 to 600 MWe (absorbing all of the fuel ceils produced 
m 2 to 3 years from a single manufacturing facility) This is equivalent to between thirty-six and 
fifty five n MW units ihuugh in actuality the installations would vary in size 

The high scenario is based on assumptions (1) through (4) above Assumption (5) however 
is changed to an average deployment level of 400 MWe annually from t992-93 through 1995 -double 
the deployment levels assumed m the medium scenario This results in a deployment level in 1995 
of 800 to 1 l 30 MWe This deployment level could be met by expanding the fuel-cell output of 
a single manufacturing plant or by operaling more than one manufacturing plant Under this 
scenario the equivalent of thirty-six 1 1 MWe plants would be started up each year, starting in 
1 992 or 1 993 a total of 73 to 109 such plants would be operating by mid 1995 under this scenario 

'The small fuel cell installations dep.o>3d in the 1990s likely will be bultt around two or more 
stacks each capable of delivering 200 kWe (net) AC It is assumed thai two slacks would be used 
m the reference plant but several more might be deployed at any one site It is assumed that 
the large fuel cell installations m the 1990s will be built around stacks each capable of generating 
250 to 700 kWe (DC) installation capacity probably would range from several megawatts and 
up The installation assumed here would consist of approximately 18 stacks each capable of gener 
atmg 675 kWe (DC) While larger or somewhat smaller installations are likely to be built and oper 
ated their cost and performance should roughly coincide with that of the 11 MWe plants 



'The lower estimate for the large fuel cell installation is based on discussions at OTA Workshop 
on Fuel pells Washington, DC June 6 1984 The upper estimate for the large plant is based 
on estimates made by California Energy Commission, Technical Assessment Manual vol I Edi- 
tion III (Sacramento CA CEC t984). P300 84-ot3 and by OTA staff The greatest uncertainty 
in the range results primarily from uncertainty regarding regulatory delays Many of the fuel cell 
installations are likely to be deployed in areas where little previous powerpiant development has 
occurred and where population densities increase the possibilities for regulatory conflicts The 
potential for regulatory problems was exemplified by a 4 5 MWe demonstration unit wi.ich was 
buitt (but never operated) in New York City Numerous unanticipated regulatory delays were en- 
countered and prevented the expeditious completion of the plant approval of the project by New 
York City s fire department took 3 years 

The estimate for the small fuel cell installation is based on discussions at OTA Workshop on 
Fuel Cells op cit 1964 The extremely small size of the plant suggests that regulatory delays 
would be considerably less problematic than would be the case with larger plants Some within 
the industry believe that lead-times could be as short as several months see R A Thompson, 
Manager, Business Planning, united Technologies Corp , Fuel Cell Operations personal correspon- 
dence with OTA staff, Feb 15. 1985 

'Burns & McDonnell Engineering Co System Planner's Guide for Evaluating Phosphoric Acid 
Fuel Cell Power Plants (Palo Alto, CA Electric Power Research institute, t984), EPRl EM-35t2 
See also comments of Thompson, op c:t , 1984 

*OTA estimate based on two modules, each measuring 30 x 8 feet This is the size of module 
suggested by Richard R Woods, Jr Manager, Fuel Cells Gas Research Institute, in personal 
correspondence with OTA slaff. Feb 4, t985 

"United Technologies Corp Specification lor Dispersed Fuel Cell Generator. Interim Report (Palo 
Alto, CA Electric Power Research institute. 1981), EPRl EM -2 1 23, Project 1777- 1 

"United Technologies Corp , Power Systems Division, Onsite 40-kikmatt Fuel Cell Power Plant 
Model Specification prepared for U S Department of Energy and the Gas Research Institute (South 
Windsor, CT United Technologies, September 1979). FCS-1480 

"This is based on Fuel Cell Users Group, System Planning Subcommittee Ad Hoc Reliability 
Task Force Report on Fuel Cell Reliability Assessment (Washington. DC Fuel CeH Users Group. 
March 1 983) The report recommended use of an 85 percent availability factor in system planning 
studies for large fuel cell povrtrpiant installations it however stated that availability could range 
between 60 and 88 percent, defending on assumptions made about component redundancy and 
about the availability of spaT parts it Is assumed that the operating availabilities of small fuet 
cell powerplants will tall within the same range as that of the larger fuel cells, as no comparable 
studies are available on the operating availabilities of the small plants 

"This refers to the plant bfetime Cell stacks themselves are assumed to have lifetimes of 40,000 
hours when running at full capacity 

''This is the operaling efficiency at which electricity is produced when the plant is operated 
at its full rated capacity In cogeneration applications, where useful heat will be produced along 
with electric power, the total energy efficiency (which includes all useful energy outputs, thermal 
and electric) would be much higher The cogeneration efficiency could be as high as 85 percent 

"Based on higher heating value of fuel This range is consistent with estimates made in numer- 
ous sources, including i ) United Technologies Corp, Specif lotion for Dispersed Fuel CeH Gener- 
ator interim Report (Palo Affo.,CA Electric Power Research Institute. t98l). EPRl EM-2123. Project 
1 777 1 2) Mike Ringer. California Energy Commission. Relative Cost of Electricity Production 
(Sacramento CA CEC. December 1983) 3) "Utilities Snow interest m Large Fuel CeH installa- 
tions for Late '80s " ElectncLight and Power, vol 62. No 6,June84.p 53 4) irwin Stambler, 

Fuel Cell Outlook Brightens as Technical Obstacles Fall/ Research 4 Development. December 
84, pp 50-53 5) Battel te Columbus Division. Final Report on Alternative Generation Technolo- 
gies vols I and II (Columbus. OH Batteiie. 1983) 6) Thompson, op eft , 1985 

'•Based on higher heating value of fuel From 1)JW Slaniunas and G P Marten and RM 
Smith united Technologies Corp , Follow-On 40-kWe Field Test Support. Annual Report, pre- 
pared for Gas Research Institute (Chicago, IL Gas Research Institute, 1984) FCR-6494, 
GRI-84/0131 2)Woods. op cit . Feb *, 1985 

' 'Estimates do not include ceil replacement costs The lower end of the range assumes a mature 
technology and mass production, the high end of the range represents the estimated cost of the 
commercial demonstration units expected to be installed and operated in the late 1980s WMhln 
this range fall the estimates cited in the following 1) The participants in an OTA Workshop on 
Fuel Cells, op cit . 1984 2) Ringer, op cit .1983 3) California Energy Commission, op cit . 
1984 4) l R Straughn Southern California Edison Co . "R&D Input to the Fall 1984 Generation 
Resource Plan," unpublished memorandum, August 1984 5) Lee Calalano. "Can Fuel Ceils Sur- 
vive the Free Market in the 1990 s? ' Power, vol 128. No 2, February 1984. pp 61-83 6) Burns 
& McDonnell Engineering Co . System Planner s Guide for Evaluating Phosphoric Acid Fuel CeH 
Power Plants (Palo Alto. CA Electric Power Research institute 1984), EPRl EM-3512 7) Batteiie, 
op cit 1983 8) J R Lance el al , Westing house Electric Corp . "Economics and Performance 
of utility Fuel Cell Power Plants, ' ' Advanced Energy Systems- Their Role in Our Future, Proceed- 
ings of 19th intersociety Energy Conversion Engineering Conference Aug t9-24. 1984, San Fran- 
cisco CA (U S American Nuclear Society. 1984), paper 849133. pp 821-826 

Where a single 'equcted" value is used in this report, a value of $1.430/kWe is used 

"The estimates do not include ceil replacement costs The tower end of the range assumes 
a mature technology and mass production, the high end of the range represents the estimated 
cost of the first commercial cogeneration units Wtthin this range fall the estimates cited In the 
following 1) Richard Woods, Gas Research institute, as quoted In Ernest Rala. "Fuel Ceils Spark 
Utilities Interest," High Technology vol 4, No t2, December 1984, pp 52-57 2) Catalano, 
op cit , t984 3) OTA Workshop on Fuel Cells, op cit . 1984 4) Thompson, op cit . 1985 

As an expected value for capital costs, OTA uses in its analysis a value of $2 240 (1983 $) 
This is based on an estimate made by the Gas Research institute (GRl) of the cost of a 200 kWe 
cogeneration module, see Stephen D Ban GRl. Gas Fueled Cogeneration-GRI's Current RSO 
Program unpublished mimeograph (Washington DC GRt, n d ) The GRl estimate referred to 
the expected costs during the period of earty market entry with low-quantity fuel-cell production 
levels 
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"Total O&M costs include fixed O&M costs variable O&M costs and stack replacement costs 
This study assumes fixed O&M costs ot $2 00 to $5 00/kWe-year and variable O&M costs of 2 
to 5 mills/kWh These estimates of fixed and variable O&M costs appear to be in accord with 
information provided in the following documents 1) Ringer op cit 1983 2) Straughn op at 
1984 3} Burns & McDonnell Engineering Co op at 1984 4) Battel le op at t983 

Estimates made m the above sources do not appear to mclude stack replacement costs these 
are rarely estimated m the literature Evidence available to OTA suggests that thes*, wml r ange 
between $100 and $300/kWe depending especially on fuel cell production levels at the time the 
replacements are made It >s assumed tha* fuel cells are replaced after 40 000 hours of operation 
at full capacity The replacement cost estimates are levelled values over 30 years using a 5 per 
cent discount rate 



Total O&M costs es mates consequently are as follows (milts/kWh) 
Duty Cycle fixed Variable Replacement Total 

Base/Cogen 0 3-0 8 2 5 1957 42 115 

Intermediate 0 6-1 4 2-5 1 6 4 9 4 2-11 3 

Peaking 2 3-5 7 2 5 -0- 4 3 10 7 

Under the assumpti -n that fuel cells would have to be replaced every 40 000 hours at full ca- 
pacity operating levels no replacement stacks would be required for a peaking powerplant 

"Basea on 1995 natural gas price of $4 40/mm Btu (see Definitions section of this appendix 
for an explanation of assumed fuel costs) and a heat rate of 8 533 to 9,481 Btu/kWh (36 to 40 
percent efficiency) tar small fuel cell plants and 7 757 to 8 533 Btu/kWh (40 to 44 percent effi- 
ciency) for large fuel <ell plants 
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Table A-8.— Cost and Performance of Compressed Air 
Energy Storage Plants 



May 1985 technology statub 



Maxi*CAES 



Mim-CAES 



Level of techno'ogy development 1 



No U S demos / 
2 demo plants 
overseas 

-0- -0- 



Installed capacity 2 

Reference system general characteristics 

Reference year 1990 
Plant size 3 220 MWe 50 MWe 

1990 deployment level scenario -0- 0*100 MWe 4 

Lead-time 5 5-8 years 4 5-6 5 year? 

Land required 15 acres 8 3 acres 7 

Water required 360.000 gals/ 100.000 gals/ 

day* day- 
Reference system- performance parameters 
Operating availability 90-98 percent 10 

Duty cycle peaking to intermediate 11 
Plant lifetime 30 years 1 - 
Plant efficiency 

Fuel (Btu/kWh) 4000 13 4000 14 

Electricity (kWh-in/kWh-out) 0 78 15 0 78 16 

Electricity out/ 

(Fuel + Electricity in) 17 0 51 0 51 

Discharge charge 11 4-10 hours 16-8 hours' 9 

Reference system costs 
Capital costs 

Above ground equipment $515/kWe-° $392/kv\ 

Below-ground equipment 

Aquifer SSO/kWe- 1 $48/kWe 

Salt $55/kWe" $95/kWe 

Rock $85/kWe" $441 /kWe 



Total 

O&M costs 
Fuel costs 

Fuel 
Electricity 

Total 



3 6 miHs/kWh" 



$565-600/ 
kWe 



$487-833/kWe- 4 



28 mills/kWh 
16-35 milis/kWh 

42-63 mhls/kWh- 1 



A 290 MWe sail dome based CAES plant s operating in Huntorf west Germany Another smaller 
2b MWe plant }ust has been completed m Italy Neither however has ever been demonstrated 
m the United States 

'Ho capacity m the United States has been installed One project sponsored by Soyland Power 
cooperative was scheduled tor commercial operation in 1986 However it was canceled in 1983 

'Brown Boven currently offers olant equipment for 50 100 220 and 300 MWe applications 
fromZ Stanley Stys Vice President, BBC Brown Boven mc personal correspondence with Fred 
Clements Gibbs & HiH inc May 9 19B4 The following two references selected 200 MWe as 
a typical size 1 ) Electric Power Research Institute Compressed Air Energy Storage Commerciali- 
zation Potential (Palo Art) CA EPRl 1982) EM 7750 2) Electee Power Research institute Technical 
Assessment Guide (Palo Alto CA EPRl 1982) EPRl P-2410-SR 

However since then EPRl commissioned a study on mini CAES plants see Gibbs & Hill inc 
Mini Compressed Air Energy Storage Systems (25 MWe 50 MWe modules) draft report sub 
mitted to EPRl (New York Gibbs & Hill inc April 1984) the report indicates that mini CAES 
plants in the 25 to 100 MWe range are also economically viable and can compete with the larger 
220 and 300 MWe plants The mini CAES plants use proven equipment in modular configurations 
and require shorter lead time 

'The low end of the estimate assumes no plants are completed by 1990 The high end assumes 
two mim-CAES plants a'e completed by that time 

'Based on information from the following 1) Construction time ol 3 to 4 years for maxi CAES 
and 2 5 years for mmi-CAES from Robert B Schainker Electric ?ower Research Institute and 



Michael Nakhamkm Gibbs & Hil< inc Compressed -Air Energy Storage (CAES) Overview Per- 
formance and Cost Data for 25MWe 220MWe Plants IEEE Power Engineering Review April 1985. 
pp 32 33 2) Licensing time of 2 to 4 years The low estimate is provided by Schainker and N?x- 
hamkin op cit t985 The high estimate was obtained from Peter Schaub, Manager, New Tech- 
nology Program Potomac Electric Power Co personal correspondence with OTA staff November 
1984 

'Gibbs & Hill inc Overview E valuation of New and Conventional Electrical Generating Technolo- 
gies for the 1990s OTA contractor report 1984. calculated for a plant using a salt cavern 
'Gibbs & Hill Inc op cit April 1984 Calculated for a plant using a salt cavern 
•Hans Chnstoph Herbst. NWK and Z Stanley Stys Vice President, BBC Brown Boveri, Inc , 
Huntorf 290-MWe the World 's First Air Storage System Energy Transfer (Asset) Fiant Construc- 
tion and Commissioning Presented to American Powei Conference. Chicago. IL. Apr 24-26. 1978 
Downsized for typical 220 MWe plant, calculated for a plant using a salt cavern Note that CAES 
plants can be designed to use no water at all from Robert B Schainker EPRl. personal correspon- 
dence with OTA staff. May 2B 1985 
'Gibbs & Hill inc op cit Apni 1984 calculated for a plant using a salt cavern 
"With respect to maxi-CAES see Robert B Schainker EPRl, and M Nakhamkin. Gibbs & Hill 
Inc , Compressed-Air Energy Storage Overview Performance, and Cost Data for 25MWe to 220Mwe 
Plants, paper prepared for the Joint Power Generation Conference October 1984. Toronto, Cana- 
da That paper states that the Huntorf. west Germany plant has 90 percent availability, the avail- 
ability tor the last reporting period was 98 percent- Stys. op cit . May 1984 For mmi-CAES 
operating availability is expected to be at the high end of the range this is supported by informa- 
tion provided by 1) Gibbs & Hill Inc . op at 1984 2) Schainker and Nakhamkm op cit , Oc- 
tober 1984 
"G'bbs & Hill Inc op cit 1984 

"The estimate for maxi CAES is based cn information provided by EPRl. Compressed Air Ener- 
gy Storage Commercialization Potential, op cit 1982 The estimate tor maxi-CAES is based on 
information provided by Gibbs & Hill inc . op crt . April 1984 

"Schainker and Nakhamkm op cit October 1984 

"Robert B Schainker EPRl in a personal correspondence with OTA staff , May 28. 1985 indi- 
cated that mim-CAES would have the same fuel efficiency as maxi-CAES 
"Schainker and Nakhamkm op cit . October 1984 

"Schainker op cit Mty 2B 1985 indicated that mmi-CAES would have the same electricity 
efficiency as maxi-CAES 

"This calculation assumes that for every kWh (3.413 Btu) generated. 4 000 Btu of fuel and 
2 662 Btu of electricity are required Thus, the efficiency is 3,413/6.662 or 51 percent This cal- 
culation does not consider the efficiency losses associated with the electric power supplied to the 
CAES plant 

"A CAES plant does not need to charge and discharge at the same power Thus a plant which 
discharges 220 MWe for 4 hours can charge with 43 MWe for 16 hours in general the power 
needed to charge a CAES plant whicn will discharge at full power for TO hours is 

Power in - (*MWe x T0)/<T1 x 0 78) 
where Ti is the charge time 0 78 is the kWh-in/kWh-out efficiency and a is the capacity rating 
of the CAES plant 

"The Huntorf plant has a 4 hour/ 16 hour discharge/ charge cycle see Peter Maass and Z Stat.«ey 
Stys Operation Experience With Huntorf, 290 MW World's First Air Storage System Energy Transfer 
(ASSET) Plant paper presented to American Power Conference. Chicago. IL, Apr 21-23. 1980 
However plants can be made with discharge times over 10 hours see BBC Brown Boven. 220 
MW SixtrCycle Asset Plant. Promotional Brochure (USA BBC Brown Boveri. n d ) Publication 
No CH T 113 390 E 

"Gibbs & Hill Inc op crt 1984 $570/ kWe total comprises $51 5/kWe for above ground com- 
ponents (eg turbomachinery structures) and $55/ kWe for underground salt dome cavern Cost 
is based on average U S conditions and is not expected to be sensitive to location 

"Schainker and Nakhamkm op at October 1984 

"ibid 

"ibid 

"Gibbs & Hill Inc op cit , April, 1984 This report p ovldes costs in January 1984 dollars 
for 26 6 50 and 100 MWe plants with 10 hour storage Based on The Handy Whitman index 
(see Definitions to this appendix), these costs were reduced by 1 7 percent to reflect mid- 1983 
dollars The costs depend on the type of cavern $487/ kWe is for a 50 MWe module with salt 
dome tavern The breakdown of $487 tv We Is as follows $392/ kWe above-ground items and 
$95/kWe for salt dome cavern For rock and aquifer storage, the total costs would be $833/kWe 
and $440/ kWe respectively Cost is based on average U S conditions and is not expected to be 
sensitive to location 

"The estimate is based on an estimate by EPRl. Compressed Air Energy Storage. Commerciali- 
zation Potential op cit , 1982 Mim-CAES costs would of roughly the same magnitude 

"Based on 1990 distillate costs of $7 0/ MM Btu. and based on a 4 000 Btu/ kWh discharging 
heat rate fuel cost is 28 mills/kWh Charging-energy fuel-cost is estimated at 16 to 35 miHs/kWh 
based on an e.wrgy- ratio of 0 78 kWh-in/kWh-out and an incoming -electricity cost of 20 to 35 
mills/kWh The total fuel cost for CAES plant thus lies between 54 and 72 mills/kWh (between 
(?6 + 26) mills/kwh and (28 + 45) mills/kwh) (see Definitions section of this appendix for 
an explanation of fuel and incoming-electricity costs ) 
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Table A-9.— Cost and Performance of Battery Plants 



May 1985 technology status 
Level of technology development 

Installed capacity 

Rtftrence system: general characteristics 

Reference year 

Plant size* 

Deployment level scenario 

Lead-time' 

Land required 19 

Water required (gallons/day) 

Reference system: performance parameters 

Availability ... 

Duty cycle 14 . 

Lifetime 19 

Stacks . . 

Balance of plant 
Plant efficiency 11 
Discharge/charge 22 
Reference system costs: 
Capital costs 23 
O&M costs 

Annual . 

Replacement . 

Total . . 
Fuel costs .... 



Lead -acid 



Small-scale test 1 
0 5 WWe 3 



Zinc-chloride 

Small scale tests 2 
None 4 



1995 
20 MWe' 

0-600 MWe 7 0-2,800 MWe' 

2 years 
0 2-0 3 acres 
200-300 11 11.000 12 

90 percent 1 * 
peaking 19 



2,000-4,000 cycles 17 
30 years 
70-75 percent" 
5 hours/6 7-7.0 hours 



2,000-5,000 cycles 1 ' 
30 years 
60-70 percent 21 
5 hours/7.0-8.3 hours 



$600-800/kWe" 2i $600-$3,000/kWe 2 



1-4 mills/kWh 
5-16 mil!s/kWh" 2 ' 

6-20 mills/kWh 
27-50 mill s/kWh" 



1-4 mills/kWh 
2-7 mills/kWh"' 1 

3-11 mills/kWh 
29-58 mills/kWh" 



'This refers to the testing ot a single module at the Battery Energy Storage Test {BEST) facility 
in New Jersey The battery has not been demonstrated <n a commercial scale facility in the United 
States 

'Ibid 

'This figure refers to a demonstration u™» which was in operation by the end of H83 at the 
BEST facility The battery is expected to be capable ot producing 500 kWe with a 1 hour dis 
charge rate at the end of its lite see 6NB Batteries Inc 500 kWeLead Acid Battery for Peak 
Shaving Energy Storage Testing and Evaluation (Palo Alto CA Electric Power Research Institute 
1984} EPRI EM 3707 

'Note however that an advanced design zinc chloride battery operated from the end of 1983 
to early 1 985 at the BEST facility The unit was capable of producing TOO kWe over 5 hour dis 
charge periods 

•The zmr-chlortde battery comes in 2 MWe modules see Elect'ic Power Research Institute 
ZnCi Batteries tor Utility Applications (Palo Alto CA EPRl 1984) The lead acid battery comes 
in 440 kWe strings see Exide Management & Technology Co kesearch Development and Demon 
stratton of Advanced Lead Acid Batteries to? Utility toad Leveling (Argonne iL Argonne National 
Laboratory August 1983) ANL/OEPM 83 6 

'Assumes 5 hour discharge periods or 100 MWh storage capacity see Albert R Landgrebe 

Operational Characteristics of High Performance Batteries tor Stationary Applications Advanced 
Energy Systems- Their flft'J in Our future Proceedings of 1 9th Intersociety Energy Conversion 
Engineering Conference Aug 19-24 1984 Sdn Francisco CAIUS American Nuclear Society 
1984) paper 849122 pp 1091 1096 

'Assumes 5 hour discharge periods or a storage capacity under the high scenario of 30 000 
MWh The high estimate assumes that 200 MWe worth of batteries are produced during each 
of the following years 1991 199? i993 and 1994 This is the level of production on which 
the capital cost estimates are based These batteries would begin producing electrical power in 
1992 1 993 1994 and 1995 respectively Given 2-year lead times for battery installations this 
production scenario assumes that ten 20 MWe battery installations are inflated each year begin 
ning in 1990 

'Assumes 5 hour discharge periods or a storage capacity under the high scenario of 8 400 
MWh The high estimate assumes that 700 MWe worth of batteries are produced during each 
of the following years 1991 1992 1993 and 1994 This is the level 0) production on which 
the capital cost estimates are based These batteries would begin production in 1992 1993 '994 
and 1995 respectively Given 2-year lead-times for battery installations this production scenario 
assumes that thirty five 20 MWe battery installations are initiated each year, beginning in 1990 

'Consensus from OTA Workshop on Energy Storage Washington DC June 6 1984 based on 
2 MWe installation short permitting time (negligible pollution) factory assembly and simple sit 
mg requirements 

"The land used depends on the energy density footprint (measured in units of kWh/sq meter) 
of the battery It is assumed that lead acid and zinc chloride oattenes have similar footprints of 
60 1 25 kWh/sq meter This footprint esimate is consistent with estimates made in the following 
three documents 1 ) Philip C Symons Electrochemical Engineering Consultants. Inc Advanced 
Technology Zinc/Chlorne Batteries for Electric Utility Load-Leveling ' Advanced Energy Systems- 
Their Role in Our Future op cit pp 85 7-862 2)Landgrebe et a) op cit 1984 3) James 
Ouinn U S Department of Energy 'DOE Mumyear Planning ' Extended Abstracts Sixth DOf 
ElectiKhemcal Contractor s Revie* June 25-29 1984 (Washington DC U S DOE June 1984) 
CONF 840677 pp 64-67 

"Based on a rough estimate that the system would use t 000 to 1 500 gallons per week This 
figure assumes a full discharge /charge cycle five times each week Estimate provided by John 
L Del Monaco Principal Staff Engineer Research Public Service Electric & Gas Co f-'ewark 
NJ personal correspondence with OTA staff May 1 1985 

"Based on a rough estimate that the system would use 1 1 000 gallons each day This figure 
assumes a full discharge/ charge cycle and includes only the water requirement of the battery 
system itself Most of the water is used in evaporative cooling Estimate provided by Monaco 
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''From EPRl Technical Assessment Guide {Palo Alto CA EPRl '982} EPRI P-2410-SR modi- 
fied (rounded off) m accordance with discussion at OTA Workshop on Energy Storage, op cit , 1984 

'Batteries can also provide spinning reserve and system regulation functions see EPRI Utility 
Battery Operations and Applications (Palo Alto CA EPRI March 1983) EPRI EM-2946-SR 

"Gibbs & Hill, inc Overview Evaluation of New and Conventional Electrical Generating Tech- 
nologies for the 1990s OTA contractor report Sept 13 1984 

"The number of cycles per year depends on how the battery was used but a figure of 250 
cycles/year is often used as a reasonable average In general the stacks (and sumps where 
appropriate) would be replaced several times over the life of the system The remainder of the 
battery plant should last 30 years 

"Arnold Fickett EPRI personal correspondence with OTA staff Aug 30 1 984 

"Fickett op cit t984 

"AC to AC efficiency includes the 85 percent efficiency of the power conditioning equipment 
"Exide Management & Technology Co op cit 1983 

"Round trip efficiency kWh AC out divided by kWh in including auxiliaries Efficiency is con- 
stant with deployment because multiple units are used to achie/e various piar' sizes Based on 
information provided by the following sources t) B D Brummet, et ai , Energy Dfelopment As- 
sociates Zinc Chloride Battery Systems for Electric Utility Energy Storage, paper prepared for 
the 19th Annual Intersociety Energy Conversion Engineering Conference. SAc San Francisco CA 
August 1 984 these estimates apply to the 2 MWe commercial battery 2} OTA Workshop on Ener 
gy Storage op cit 1984 3) Energy Development Associates Development of the Zinc-Chloride 
Battery tor Utility Applications (Palo Alto CA EPRl June 1983) EPRI EM 3t36 

"Consistent with plant size and plant efficiency assuming plant charges and discharges at 
20 MWe 

"Battery costs are best measured in units of $/kWh To convert the given $/kWe figures to 
$/kWh divide by five 

"The range corresponds to the price of lead varying trom $0 25 /lb to $0 58/lb The price as 
of August 1984 was 10 30 /lb see J J Keiley Director of Research. EXIDE Corp personal cor- 
respondence with OTA staff Aug 28 1984 The cost figures assume a production of about 200 
MWe/yr see Exide Management & Technology Co op cit , 1983 However lead acid battery 
prices should not be strongly dependent on the volume of production 

"Fickett op cit t984 

"Exide Management & Technology Co op cit , '983 

"The low cost figure assumes a production volume of about 700 MWe/yr see Energy Develop- 
ment Associates op dt t983 The price of zinc chloride batteries should be strongly dependent 
on the level of production Based also on information provided by Fickett op cit , 1984 The 
high figure is based on an estimate provided by P Sloshansi, Southern California Edison Co 
personal correspondence with OTA staff Apr 10, 1985 The high estimate reflects the price penalties 
which might be associated with early commercial units 

"This is a levellzco value over 32 years, using a discount rate ot 5 percent The low value as- 
sumes a lifetime of 4,000 cycles so that after 16 years parts totaling $300/kWe must be replaced 
The high value assumes a lifetime of 2,000 cycles so that these $300/ kWe parts must be replaced 
after 8. 16. and 24 years 

"Fickett op cit 1984 

"This is a levelled value over 32 years, using a discount rate of 5 percent The low value as- 
sumes a lifetime of 4,000 cycles, so that after 16 ye«rs parts totaling $130/kWe must be replaced 
The high value assumesa lifetime of 2.000 cycles, so that these $l30/kWe parts must be replaced 
after 8 16. and 24 years 

"Fickett op cit 1984 

"The charging-energy fuel-cost is estimated to be 27 to 50/miils kWh, based on an energy 
ratio of 0 7 toO 75 kWe-out/kWe- n and incoming-electricity cost in 1995 of 20 to 35 mills/kWh 
(See Definitions section of this appendix for an explanation of incoming -electricity costs ) 

"The charging -energy fuel-cost is estimated to be 29 to 58/ mills kWh based on an energy 
ratio of 0 6 to 0 7 kWe-out/kWe-m and Incoming -electricity cost In 1995 of 20 to 35 mills/kWh 
(See Definitions section of this appendix for an explanation of Incoming -electricity costs } 



3'4b 



App A—Cost and Performance Tables • 317 



Table A-10.— Summaries: Cost and Performance for Reference Installations 
(based on tables A-1 through A-9 in this Appendix) 



Technologies 





Solar photovoltaic 


Solar 


Wind 




Geotherma! 




May 1985 technology status 


Flat plate 


Concen 


(mounted-engine) 




Dual-flash 


Larye 
binary 


Small 
binary 


Level of technology development 
Installed capacity 


Commercial 
9 5 MWe 


Commercial 
9 5 MWe 


Demo ' 
0 075 MWe 


Commercial 
650 + MWe 


Commercial unit 
none 


Commercial unit 
none 


Commercial 
22 3 MWe 


Reference system' general 

Reference year 
Reference-plant size 
Reference-year installed capacity 


1995 
10 MWe 


1995 
10MWe 


1995 
10 MWe 


1995 
20 MWe 


1995 
50 MWe 


1995 
50 MWe 


1995 
7 MWe 


(est ) 


355-4,730 MWe 


5-200 MWe 


1 500- 


12-1,830 MWe 




Lead-time 
Land required 


2 years 
40-370 acres 


2 years 
60-320 acres 


2 years 
67 acres 


2,900 MWe 
1-2 years 
300-2,000 


3 years 
8-20 acres 


3 years 
8-20 acres 


1 year 
1 acre 


Water required 


very little 


very little 


very little 


acres 
none 


3 million gal/day 


4 1 million 


0 6 million 


Reference-system performance parameters 

Operating availability 90-100% 
Duty cycle intermittent 
Capacity factor 20-40% 
Plant lifetime 10-30 years 
Plant efficiency 8-14% 


90-100% 
intermittent 

20-35% 
10-30 years 

12-20% 


95% 
intermittent 
20-35% 
30 years 

20-25% 


95-98% 
intermittent 

20-35% 
20-30 years 


85-90% 

base 

70% 
30 years 
7 0-8 0% 


gal /day 

85-90% 
base 
70% 
30 years 
9 5-12 0% 


gal/day 

85-90% 
base 
70% 
30 years 
7 0-9% 


Reference-system costs 
















Capital costs 


$1,000- 
$11,000/kWe 


$1,000- 
$8. 000/ k We 


$2,000- 
$3,000/kWe 


$900- 
$1,200/ 


$1,300- 
$1,600/kWe 


$1,500- 
$1,800/kWe 


$1,500- 
$2,000/ 


0&M costs 
Fuel costs 


4-28 
mills/kWh 
None 


4-23 
mills/kWh 
None 


15-23 
mills/kWh 
None 


kWe 
6-14 
mills/kWh 
None 


10-15 
mills/kWh 

20-70 
mills/kWh 


10-15 
mills/kWh 

20-70 
mills/kWh 


kWe 

10-15 
mills/kWh 

20-70 
mills/kWh 


Only tndivduais modules are being demonstrated No large mull) 


module installation yet exists 
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"able A-10.— Summaries: Cost and Performance for Reference Installations 
(based on tables A-1 through A-9 in this appendix)— Continued 



Technologies 









Fuel cells 


CAZS 


Batteries 


May 1985 technology status 


AFBC 


IGCC 


Large 


Small 


Maxi 


Mini 


Lead-acid Zmc-chlor 


Level of commercial development Demo under 


Demo 


Demos planned Demos operating 


no uemo 


Kin Horn 

no aerr ; 


Demo 


Derro 










under const , & 


















planne 










Installed U S capacity 


none 


100 MWe 


None 


1 5 MWe 


none 


none 


U D MWo 


u i wiwe 


Reference-system general 


















Reference year 


1990 


1990 


1995 


1995 


1QQO 


iQQn 


1995 


1995 


Reference-plant size 


150 MWe 


500 MWe 


11 MWe 


0 4 MWe 


c t\j wiwe 


ou Mwe 


20 MWe, 
100 MWh 


20 MWe, 
100 MWh 


Reference year U S installed 


















capacity (est ) 


510-735 


200 MWe 


40-1,200 MWe 


0 MWe 


0-100 MWe 


u ouu 


n.o Ann 




MWe 












MWe 


MWe 


Lead-time 


5-10 years 


5-10 years 


3-5 years 


2 years 


5-8 years 


4 5-6 5 years 




c yCdio 


Land required 


90-218 
acres 


300-600 acres 


0 5 acres 


0 009-0 014 
acre 


15 acres 


3 acres 
acres 


u c U o 

acres 


U C'\J 0 


Water required 


1 5 million 


3-5 million 


very small 


very small 


360,000 


100,000 


1 1 nnn 

1 1 ,uuu 






gal/day 


gal/day 






gals/ day 


gals /day 


gals/day 


gals/day 


Reference-system: performance parameters 
















Operating availability 


85-87% 


85% 


80-90% 


80-90% 


90-98% 


90-98% 


90% 


90% 


Duty cycle 


base/interm 


base 


variable 


variable 


peaking/inter 


peaking/inter 


peaking 
10% 


peaking 
10% 


Capacity factor 


20-70% 


70% 


40-75% 


40-75% 


10-20% 


10-20% 


Plant lifetime 


30 years 


30 years 


30 year? 


20 years 


30 years 


30 years 


30 years 


30 years 


Plant efficiency 


35% 


35-40% 


40-44% 


36-40% 


51 % 3 


51 % 3 


70-75%* 


60-70% 


Reference-system costs 


















Capital costs 


$1,260- 


$1,200- 


$/00- 


$950- 


$565- 


$487- 


$600-800 


$500- 




1.580/kWe 


$1,350/kWe 


$3,000/kWe 


$3,000/kWe 


$600/kWe 


$833/ kWe 


kWe 


3,000/ 
kWe 


O&M costs 


7 66 


6-12 


4 2-115 


4 2-11 5 


36 


j6 


6-20 


3-11 




mills/kWh 


mills/kWh 


mills/kWh 


mills/ kWh 


mills/kWh 


mills/kWh 


mills/kWh 


miils/kWh 


Fuel costs 


17 


15-17 


27-30 


30-33 


42-63 


42-63 


27-50 


29-58 




mills/kWh 


mills/kWh 


mills/ kWh 


mills/kWh 


mills/kWh 


mills/kWh 


mills/ kWh 


mills/kWh 



'While no demon station plant is operating m the U S one has operated in Huntort West Germany and a smaller one has just been completed in Italy 
'This efticiency is computed by dividing as follows 
Electricity out 

Efficiency - - — 

(fctectncity in) + (Fuel in) 



The value for the electricity m is based on a conversion factor of 3 4 1 3 Btu 'KWh in The computation does not consider the efficiency of the plant which generates 'he power provided to the compressors 
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Definitions 

These tables provide basic information on each 
technology. The data constitutes the basis for important 
portions of the analysis. The cost and performance 
characteristics listed in the tables are not definitive 
predictions. Rather they are reasonable approxima- 
tions of the status of the technology during the 1 990s, 
and are used to typify the technology during the last 
decade of the century Great uncertainty surrounds 
these numbers and they should be treated for what 
they are: educated guesses. 

Where important subcategories of any particular 
technology exist, and where their characteristics dif- 
fer significantly from one subcategory to the next, the 
subcategories are listed separately. For example, pho- 
tovoltaics are divided between flat-plate and concen- 
trator modules. 

May 1985 Technology Status 

This section provides information on the current sta- 
tus of the technology. 

Level of Technology Development.— The technol- 
ogy already may be commercially deployed, or it may 
be operating as a demonstration unit or pilot plant; 
or plant may be underway to deploy such units. 

Installed Capacity.-This section of the table de- 
scr bes the status of the technology as of May 1 , 1 985 
Only capacity installed and operating at that time is 
included in the capacty totals. 

Rp' r* os System: General Characteristics 

Reference Year.- For each technology a reference 
year is established. For technologies with lead-times 
of 5 years or less, the reference /ear is 1995. For those 
with lead-times longer than 5 years, the reference year 
is 1990. All co<;t arid performance figures refer to the 
technology as it might appear in the reference year 
The cost and performance figures for that year are ex- 
pected to typify the cost and performance of most of 
the units which are deployed and operating by the 
end of the century. 

Plant Size.-The technologies examined in this re- 
port in many instances will be deployed in a variety 
of sizes The size listed in the tables is considered typi- 
cal of plants installed in the 1 990s. Considerable var- 
iation may occur from plant to plant, but most capac- 
ity installed dunngthe 1990s is expected to be similar 
in cost and performance to the reference plant. 

1995 Deployment Level Scenario.-This is the to- 
tal capacity expected to be operating by January 1 of 
the reference year. The estimates are important be- 



cause they provide an idea of the level of nationwide 
experience with the technology by the reference year. 
This in turn is ? t ) indicator of the ex^nt of risk associ- 
ated with the technology. Generally speaking, the 
greater the amount of capacity deployed by the refer- 
ence year, the lower will be the uncertainty associ- 
ated with the technology. 

Lead-Time.— The lead-time is the time required to 
deploy a plant once a decision ha c been made to do 
so. Included is the time required for various activities 
prior to construction (including licensing and permit- 
ting) and construction itself. 

Land Required.— This is the amount of land needed 
for the plant and all necessary facilities, including fuel 
storage areas and waste storage areas. 

Water Required.— This inclur *s any water drawn 
from some external source and required for the rou- 
tine operation of the plant. 

Reference System: Performance Parameters 

Operating Availability.— Operating availability ap- 
plies to the entire plant and is defined as: 1 

n-POR)X(1-(JOR)XlOO 
where POR = Planned Outage Rate 

= (Planned Outage Hours)/(Penod Hours) 
and UOR = Unplanned Outage Rate 

= Unplanned Outage Hours 

(Period HoursMPIanned Outage Hours) 
Several of the technologies uso multiple nonconven- 
tional components in parallel, for example, multiple 
turbines in a wind farm or several gasifiers in an ICCC 
plant. In such cases also, the availability refers to the 
operating availability to generate rated output (and not 
to the individual nonconventiaonal component relia- 
bility). In all cases the figures are estimates, since no 
commercial units have operated over the full course 
of their lifetimes. 

Duty Cycle and Capacity Factor.— Duty cycles are 
either intermittent, base, intermediate, or peaking. An 
installation is termed intermittent if its output cannot 
be controlled; this is the case with solar or wind tech- 
nologies which are not coupled with any kind of 
energy storage system. Capacity factors for intermit- 
tent technologies will vary according to technology, 
time, and location. A base load system is one which 
runs most of the day; in the analysis such systems are 
assigned a capacity factor of 70 percent. A peaking 
system is assumed to have a capacity factor of about 
10 percent, and operates during the relatively short 
part of the day when electricity demand is greatest. 

'The definition is th^t provided in the Electric Power Research Institutes'* 
Technical Assessment Guide 
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Capacity factors for inter nediate systems are assumed 
to fall between thetwo systems, at around 20 percent 
Where technologies are expected to operate under 
more than one duty cycle, both are stated, \ctual ca- 
pacity factors may be quite different form the nomi- 
nal values shown. 

Lifetime.—This is the time over which the entire 
plant would be operated commercially. 

Efficiency.— This is the annual average plant effi- 
ciency, defined as the ratio of total net energy pro- 
duced to total available energy contained in the fuel 
or resource 

Reference System: Costs 

All capital and O&M costs are reported in mid-1983 
dollars. Escalation of published costs, where required, 
was performed as per the Handy Whitman Bulletin 
Cost Index for electric utility construction 
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Capital Costs.— Capital costs (total plant cost or 
TPC) generally represent approximate budgetary over- 
night constructed costs for the indicated location in- 
cluding an average allowance of 5 to 10 percent foi 
engineering and home office overhead and fee and 
a 20 to 25 percent allowance for overall contingency 



Thus. 

TPC = Bare Erected Cost (BEC I X (1 05 to Ml X (1 2 to 1 25) 

Capital costs do not include interest and escalation 
during construction, land costs, and other costs such 
as royalties, preproduction, startup, initial catalyst/ 
chemical charges, and working capital. 

O&M Costs.— These are "first year" costs, the aver- 
age O&M costs expected during the reference year. 
In the case of both battery and fuel cell installation, 
a portion of cost of periodically replacing batteries or 
fuel-cell stacks during the installation's lifetime is in- 
cluded in the O&M costs. 

Fuel Costs.— Electricity and fuel costs are first year 
annual average costs based on a typical plant in the 
reference year. Electricity for CAES and batteries is as- 
sumed to be generated by a base load plant, at prices 
expected to range from 20 to 35 mills/kWh. 2 Fuel 
prices are based on 1983 fuel prices, with assumed 
real escalation rate of 1 percent per annum for coal, 
and 2 percent per annum for oil and gas. The 1983 
fuel prices used in making the reference year estimates 
are: 

Fuel 1 (in dollars per million British thermal units (Btu)> 

Oi/ 

Gas Residual Distillate Cod/ 
\ 47 4 58 f> 09 1 66 



'This is based on an estimate provided by WiHidm Birk, Electric Power Re- 
searc h Institute personal correspondence with OTA staff, May 7, 1985 Mr 
Birk indicated that EPRl uses a figure ot 25 mills/kWh, for a range he sug 
gested 20 to }0 mills/kWh This analysis uses a range with a higher upper 
limit 20 to 25 milis/kWh 

'From U S Department ot Energy Energy Information Administration, 
Nov 27, 1984 Average cost of tossil fuel receipts tor steam electric plants 
ot 50 MVVe capacity or larger 1981 
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Office of Technology Assessment 



The Office of Technology Assessmer'. (OTA) was created in 1972 as an 
analytical arm of Congress OTA's basic function is to help legislative policy- 
makers anticipate and plan for the consequences of technological changes 
and toexammethe many ways, expected and unexpected, in which tech- 
nology affects people's lives. The assessment of technology calls for explora- 
tion of the physical, biological, economic, social, and political impacts that 
can result from applications of scientific knowledge OTA provides Con- 
gress with independent and timely information about the potential effects— 
both beneficial and harmful— of technological applications. 

Requests for studies are made by chairmen of standing committees of 
the House of Representatives or Senate, by the Technology Assessment 
Board, the governing body of OTA; or by the Director of OTA in consulta- 
tion with the Board 

The Technology Assessment Board is composed of six members of the 
House, six members of the Senate, and the OTA Director, who is a non- 
voting member 

OTA has studtes under way in nine program areas: energy and materi- 
als, industry, technology, and employment; international security and com- 
merce, biological applications; food and renewable resources; health, 
communication and information technologies; oceans and environment; 
and science, transportation, and innovation. 
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